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7. NR:IBO-04/122—REVIEW OF ATTACHMENTS
TO DOE MEMORANDUM DATED JULY 14, 2004

Department of Energy

Pittsburgh Naval Reactors Office
Idaho Branch Office
P.O. Box 2469
Idaho Falls, Idaho 83403-2469

NR:IBO-04/122

August 13, 2004

J. N. Perry
Waste Area Group Seven
Idaho Operations Office, USDOE

SUBJECT: REVIEW OF ATTACHMENTS TO DOE MEMORANDUM DATED
JULY 14, 2004; CONCURRENCE WITH COMMENTS

Reference: a) DOE Memorandum EM-ER-04-152 dated July 14, 2004,
Request for Support

NE-ID Request: Reference (a) requested concurrence on
Attachments 1 and 2 of the memorandum and to provide a status
and anticipated delivery date for the Radioactive Waste
Management Complex (RWMC) inventory summary report.

NR/IBO Discussion: The methodology outlined in Attachment 1 will
result in the same overall curie content totals for the NRF
waste streams as IBO has previously provided. The attachment to
this letter provides comments for use with this methodology that
include a suggested more accurate method of assigning curie
contents for individual shipments in some waste streams,
categorization of several waste shipments, and correction of
errors that have been identified in the curie totals previously
provided by IBO.

Attachment 2 provides a corrosion release rate for activated
metal and justifies using a stainless steel release rate for
zirconium. As identified in Attachment 2, the stainless steel
release rate is higher than that previously recommended by IBO
for zirconium. However, the release rate of 8.75E-6 in/yr
appears acceptable for the NRF core structural material and
zirconium chip waste streams.
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J. N. Perry NR:IBO-04/122

Idaho Operations Office, USDOE August 13, 2004
Page 2

The NRF inventory summary report is currently being finalized.
The estimated completion date for the inventory summary report
is September 30, 2004. NE-ID will be kept informed if this date
is changed because of other program work efforts or to support
other additional requests for information related to the
accelerated remediation efforts of RWMC. Please inform NR-IBO
of any schedule changes associated with the extended deadline
for OU 7-13/14.

NR/IBO Action: NR/IBO concurs with reference (a) attachments 1
and 2 subject to the attached comments/corrections.

Please give me a call at 533-5294, if you have any questions.

Naval Reactors Idaho Branch Office

Attachment:
As stated
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8. NR:IBO-04/045—SUBSURFACE DISPOSAL AREA

LAY R A

Department of Energy
Pittsburgh Naval Reactors Office
tdaho Branch COffice

P.O. Box 2469 e
1daho Falls, daho 83403-2469 NR:IBO-04/045

' March 24, 2004

J. G. Snock, Waste Area Group 7
Idahe Operztions 0Office, NE-ID

SUBJECT: SUBSURFACE DISPOSAL AREA INVENTORY

Reference: NE-ID Memorandum EM-ER-04-053, Subsurface Disposal
Area (SDA) Inventory, dated March 11, 2004

Attached is the information reguested in the reference
Memorandum, The Attachment includes: 1. Best Egtimates of
Specific Radionuclides of Concern Associated with NRF Waste
Streamg 2. Upper Bound Estimates of Specific Radionuclides of
Concern Associated with NRF Waste Streams, and 3. R brief
explanation of the estimates provided.

R

Pending receipt of the final NR/IBO waste stream inventory
report, NE-ID may utilize the information transmitted in this
letter, ag well as NR:IBO-03/070 dated June 11, 2003, and NR:IBO-
03/100 dated September 2, 2003, in the preparation of the draft
Remedial Investigation/Baseline Risk Assegsment and Feasibility
Study reports for Waste Area Group 7. Citations of preliminary
NR/IBO documents will need to be replaced with reference to the
NR/IBO repoxt when it becomes final,

As previously agreed, I look forward to mesting with you and your
support team prior to the next model runs. Please contact me at
208-533-5294 if you have any gquestiomns.

daho Branch Office
Attachment:
As stated

cc: K. E. Hain, NE-ID
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ATTACHMENT TO NR:IBO-04/045
Updated RWMC Inventory Summary Information
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WAR. 25. 2004 7:27AM

NO. 187

Summary of Specific Radionuclides of Concerns

Associated with NRF Waste Streams
Best Estimate

Waste Stream

C-14

(in Curies)

T¢-99
(in Curies

I-129

(in Curies)

Cs-137
(in Curies)

Sr-90
(in Curies)

Shippingport
Fuel (Solid)
1960-68)

2.84E-02

1.49E+01

3.50E-03

1.06E+04

6.24E+03

Shippingport
Fuel
(Dissolved)
(1960-68)

7.49E-04

3.93E-01

1.03E-04

2,80E+02

1.65E+02

Miscellaneous

Enriched Fuel

(Solid)
1953-71)

2.36E-07

2.35E-02

4.94E-05

2.07E+02

2.06E+02

Miscellaneous

Enriched Fuel

(Dissolved)
1953-71)

1.51E-07

1.83E-02

3.16E-05

1.33E+02

1.32E+02

Miscellaneous

Natural Fuel

(Solid)
1953-71)

6.60E-04

3.46E-02

9.06E-05

2.46E+02

1.45E+02

Core Structural
1953-1997)

4.9E+01

2.6E-02

4.9E-05

9.1E+00

4.8E+00

Zirconium
Chips (1953-
75)

3.28E+00

9.02E-05

1.73B-07

4.49E-01

2.72E-01

Liquid/APAC/
Oil
1953-71)

4,05E+00

5.05E-03

2.03E-05

2.03E-01

2.03E-01

Sludge/Resin
1953-1971)

1.65E+01

2.56B-02

1.01E-04

1.02E+H)0

1.02E+00

TOTAL

7.28E+01

1.54E+01

4.35E-03

1.15E+04

6.89E+03
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MAR. 25. 2004 7:27AM

NG 187

Summary of Specific Radionuclides of Concerns

Associated with NRF Waste Streams
Best Estimate (cont.)

w

‘Waste Stream U-233 U-234 U-235 U-236 U-238
(in Curies) (in Curies) (in Curies) (in Curies) (in Curies)
Shippingport Fuel 1.44E-06 6.95E-02 1.47E-03 1.00E-02 7.97E-02
(Solid)
1960-68)
Shippingport Fuel 3.80E-08 1.53E-03 2.49E-05 2.65E-04 1.81E-03
(Dissolved)
1960-68)
Miscellaneous 4.27E-07 7.01E-03 8.60E-05 8.78E-04 3.75E-07
Enriched Fue] (Solid)
1953-71)
Miscellaneous 2,73E-07 4.49E-03 5.50E-05 5.62E-04 2.40E-07
Enriched Fuel
(Dissolved)
1953-71)
Miscellaneous Natural 3.35E-08 1.35E-03 2.20B-05 2.33E-04 1.59E-03
Fuel (Solid)
1953-71)
Core Structural (1953- - 1.4E-04 4.0E-06 1.3E-05 1.5E-04
1997)
Zirconjum Chips 8.79E-05 7.87E-06 2.00E-07 6.08E-07 7.07-06
1953-75) .
Liquid/APAC/O1] 1.37E-06 1.52E-06 1.07E-10 5.60BE-09 2.49E-08
1953-71)
Iﬁ.ldge/Resin (1953- 6.90E-06 7.70E-06 5.35E-10 2.81E-08 1.25E-07
1971)
TOT. AL 9.84E-05 8.40E-02 1.66E-03 1.20E-02 8.33E-02
3
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Summary of Specific Radionuclides of Concerns
Associated with NRF Waste Streams
Best Estimate (cont)

Waste Stream Np-237 Pu-238 Pu-239 Pu-240 Pu-241 Am-241
(in Caries) | (in Curies) | (in Curies) | (in Curies) | (in Curies) (in Curies)

’jhippmgpoﬁ Fuel 2.66E-03 LI8E+01 | 4.43E+01 | 3.86E+01 3.03E+03 1.08E+1
(

Solid)
1960-68)
| Shippingport Fuel | 7.03E-05 | 3.13E.01 1.17E+00 | 1.02E+00 | 8.01E+01 | 2.85E.01
(Dissolved)
1960-68)
Miscellancous 9.70E-04 3.75B+00 7.74E-03 2.23E-03 1.14E+00 2.38E-03
Enriched Fuel
(Solid)
1953-71)
Miscellaneous 6.20E-04 240E+00 | 4.96B-03 1.42E-03 7.30B-01 1.52E-03
Enriched Fue}
(Dissolved)
1953-71)
Miscellaneous 6.19E-05 2.75E-01 1.03E+00 8.98E-01 7.05E+01 251E-01
Natural Fuel
(Solid)
1953-71)
Core Structural - 8.9E-02 2.1E-01 1.3E-01 1.1E+01 1.4E-01
1953-1997) B
Zirconium Chips 1.16E-06 2.37E-03 1.35E-02 4.72E-03 3.13E-01 1.78E-03
1953-75)
Liquid/APAC/Oil 1.52E-08 1.27E-03 2,03E-04 1.27E-04 5.05E-02 1.78E-03
1953-7D)
Sludge/Resin 7.65E-08 6.40E-03 1.02E-03 6.40-04 2.55E-01 8.95E-03
1953-1971)

TOTAL ' 4.38E-03 1.86E+01 | 4.67E+01 | 4.07E+01 3.19E+03 L15E+01
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MAR. 25. 2004 7:27AM NO. 187 P 7

Summary of Specific Radionuclides of Concerns
Associated with NRF Waste Streams
Best Estimate (cont.)

| Waste Stream Co-60 Ni-63 Ni-59 Nb-94 Cl-36 H-3
(in Curies) | (in Curies) (in Curies) | (in Curies) (in Curies) | (in Curies)
Shippingport Fuel e - - 1.37E-05 - 4.62E+01
(Solid)
1960-68)
Shippingport Fuel - - - 3.62E-07 - 1.22E+00
(Dissolved)
1960-68)
Miscellaneous - - - 8.59E-8 - 8.17E-01

Enriched Fuel
(Solid)
1953-71)

Miscellaneous -- - - 5.50E-08 - 5.23E-01
Enriched Fuel
(Dissolved)
1953-71)
Miscellaneous - - -~ 3.19E-07 -- 1.07E+00
Natural Fuel
(Solid)
1953-71)
Core Structural 6.1E+05 1.7E+5 1.5E+03 6.5E+00 2.03E-01 1.4E+02
1 (1953-1997) ;

Zirconium Chips - 4.97E+00 3.93E-02 2.74E-03 4.95E-03 6.70E+00
1953-75)
Liquid/APAC/0il 5.05E+02 1.52E+02 | 1.52E+00 1.02E-01 - -
1953-71)
Sludge/Resin 2.54E+03 | 7.65E+02 | 7.65E+00 5.10E-01 - -
1953-1971)
| TOTAL S.3E+05 | L71E+05 | LSIE+03 | 7.11E+00 | 208501 | 1.97E+ozj
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Summary of Specific Radionuclides of Concerns
Associated with NRF Waste Streams
Upper Bound Estimate

Waste Stream C-14 Tec-99 1129 Cs-137 Sr-90
(in Curies) (in Curies) (in Curies) | (in Curies) (in Curies)
Shippingport Fuel 4.26E-02 2.24E+01 5.85E-03 1.59E+04 9,36E+03
l_((Solid)
1960-68)
Shippingport Fuel | 1.12E-03 5.90E-01 1.55E-04 | 420E+02 | 2.43E+02
(Dissolved)
1960-68)
Miscellaneous 4.25E-07 5.13E-02 8.89E-05 3.73E+02 | 3.71E+02
Enriched Fuel
(Solid)
1953-71)
Miscellaneous 2.72E-07 3.29E-02 5.69E-05 2.39E+02 | 2.38E+02
Enriched Fuel
(Dissolved)
1953-71)
Miscellaneous 9.90E-04 5.19E-02 1.36E-04 3.69E+02 | 2.18E+02
Natural Fuel
(Solid)
1953-71) ¢
Core Structural 9.8E+01 5.2E-02 9.7E-05 1.8E+01 9.6E-+00
1953-1997)
Zirconium Chips 7.38E+00 2.03E-04 3.89E-07 1.01E+00 6.12E-01
1953-75)
Liquid/APAC/Oil 8.10E+00 1.01E-02 4.06E-05 4.05E-01 4.05E-01
1953-71)
Sludge/Resin 3.29E+01 5.11E-02 2.01E-04 2.04E+00 | 2.04E+00
1953-1971)
TOTAL 146E+02 2.32E+01 6.63E-03 | L.73E+04 | L.O4E+04
6
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MAR. 25. 2004 7:27AM

NO. 187

Summary of Specific Radionuclides of Concerns

Associated with NRF Waste Streams

Upper Bound Estimate (cont.)

Waste Stream U-233 U-234 U-235 U-236 U-238
(in Curies) (in Curies) (in Curies) (in Curies) (in Caries)
Shippingport Fuel 1.44E-06 6.95E-02 1.47E-03 1.00E-02 7.97E-02
(Solid)
1960-68)
Shippingport Fuel 3.80E-08 1,53E-03 2.49E-05 2.65E-04 1.81E-03
(Dissolved)
1960-68)
Miscellaneous 5.12E-07 8.41E-03 1.03E-04 1.05E-03 4.50E-07
Enriched Fuel (Solid)
1953-71)
Miseellaneous 3.28B-07 5.39E-03 6.60B-05 6.74E-04 2.88E-07
Enriched Fuel
(Dissolved)
(1953-71)
Miscellaneous Natural 3.35E-08 1.35E-03 2.20B-05 2.33E-04 1.59E-03
Fuel (Solid)
(1953-71)
Core Structurs] (1953- - 2.8E-04 8.0E-06 2.6E-05 3.0E-04
1997)
Zirconium Chips 1.32E-04 1.18E-05 3.00E-07 9.12B-07 1.06-05
1953-75) _ )
Liquid/APAC/0il 2.74E-06 3.04E-06 2.13E-10 1.12E-08 4.97E-08
1953-71)
Sludge/Resin (1953- 1.38E-05 1.54B-05 1.07E-09 5.62E-08 2.50E-07
1971)
TO T AL 1.51E-04 8.65E-02 1.69E-03 1.22E-02 8.34E-02
7

98



MAR. 25. 2004 7:274M NO. 187 P

Summary of Specific Radionuclides of Concerns

Associated with NRF Waste Streams
Upper Bound Estimate (cont.)

‘Waste Stream Np-237 Pn-238 Pu-239 Pu-240 Pu-241 Am-241

(in Curies) | (in Curies) | (in Curies) (in Curies) | (in Curies) | (in Curies)
Shippingport Fuel | 3.99E-03 | 1.77E+01 | 6.65E+0l | 5.79E+01 4.55E+03 1.62E+1
(Solid)
(1960-68)
Shippingport Fuel 1.05B-04 | 4.67E-01 | 1.75E+00 | 1,53E+00 | 1.20E+02 4.27E-01
(Dissolved)
(1960-68)
Miscellaneous 175E-03 | 6.75E+00 | 1.39E-02 | 4.01E-03 | 2058400 4.28E-03
Euriched Fuel
(Solid)
1953-71)
Miscellaneous LI12E-03 | 432E+00 | 8.93E-03 | 2.56E-03 | 1.31E+00 2.74E-03
Enriched Fuel
(Dissolved)
1953-71)
Miscellaneous 927E-05 | 4.13B-01 | 1.54E+00 | 1.35E+00 | L.0GE+02 3.76E-01
Natural Fuel
(Solid)
(1953-71)
Core Structural - 1.8E-01 42E-01 2.6E-01 2.2E+01 2.88-01
1953-1997) -
Zirconium Chips 2.61E-06 | 5.33E-03 | 3.04E-02 | 1.06E-02 | 7.04E.01 4,01E-03
1953-75)
Liquid/APAC/Oil 3.04E-08 | 2.53E-03 | 4.06E-04 | 2.353E-04 | 101B.01 3.55E-03
1953-71)
Sladge/Resin 1.53E-07 1.28B-02 | 2.04B-03 | 128E-03 | 5.10E-01 1.79E-02
(1953-1971)
TOTAL 7.06E-03 | 2.98E+01 | 7.03E+01 | 6.11E+01 | A.80E+03 1.73E+01
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MAR. 25. 2004 7:28AM

NO. 187

Summary of Specific Radionuclides of Concerns

Associated with NRF Waste Streams

Upper Bound Estimate (cont.)

Waste Stream

Co-60
(in Curies)

Ni-63

Ni-59

(in Curies) | (in Curies)

Nb-94
(in Curies)

Cl-36
(in Curies)

H-3

(in Curie;J

Shippingport Fuel
(Solid)
(1960-68)

2.06E-05

6.93E+01 |

Shippingport Fuel
(Dissolved)
1960-68)

5.43E-07

1.83E+00

Miscellaneous

Enriched Fuel

(Solid)
1953-71)

1.55E-7

1.47E+00

Miscellaneous

Eariched Fuel

(Dissolved)
1953-71)

9.90E-08

9.41E-01

Miscellaneous

Natural Fuel

(Solid)
1953-71)

4.79E-07

1.61E+00

Core Structural
1953-1997)

1.2E+06

3.4E+5

2.9E+03

1.3E+01

4.05E-01

2.7E+02

Zirconium Chips
1953-75)

1.12E+01

8.84E-02

617503

L11E-02

1.51E+01

Liquid/APAC/Oil
1953-71)

1.01E+03

3.04E+02

3.04E-+00

2.03E-01

Sludge/Resin
1953-1971)

5.08E+03

1.53E+03

1.53E+01

1.02E+00

TOTAL

121E+6

3.42E+05

2.92E+03

1.42E+01

4.16E-01

3.60E+02
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The above summary tables were derived using the same information
and uncertainty estimates ag discussed in letter NR:IBO-03/100
dated September 2, 2003 except as discussed below.

The Shippingport fuel materiatl curie estimates have been revised
based on additional information that was recently found. In the
preliminary Shippingport Fuel Review forwarded by NR:IBO~03/070
dated June 11, 2003, the best estimate was based on the fuel
material having the same average fuel depletion as the PWR Core 1
blanket fuel average. Since that report, records have been found
indicating that the small fraction of the blanket fuel that was
disposed of at RWMC came from locations that were more irradiated
than average,

Final calculations of the curie content of thig fuel material are
not yet complete, but for the Purposes of this summary, the
Shippingport fuel material inventory has been revised as follows.
Fox fission product radionuclides, the best estimate curie
content was increased by 50 percent. The upper bound estimate
was another 50 percent greater than the best estimate. For
transuranic nuclides, the preliminary review noted that the
ORIGEN-S calculations gave plutonium concentrationg approximately
three times higher than actual chemical fuel assays conducted in
the 1960s. Thesge values were presented as upper bound estimates.
In this summary table, the best estimate Cransuranic values were
reduced by a factor of three to account for the ORIGEN-s
overcalculation and then increased by 50 percent to account for
the additional irradiation for the disposed of fuel material.
Upper bound transuranic inventories were another 50 percent
greater than the best estimate. For uranium igotopes, the curie

uranium. Also, the additional irradiation would not have greatly
affected the uranium Curies, so0 the uranium curies were not
modified to account for the additional irradiation.

Uranium isotope curies for the unirradiated natural uranium fuel
dispesed of at RWMC were added to the Shippingport Sclid fuel
category. Also, the small piece of non-Shippingport natural
uranium fuel was again scaled to the revised Shippingport fuel
curie estimates.

For the core structural waste stream, NR:IBO-03/100 referenced
NR:IBO-88/034 letter dated February 27, 1998, as the source for
the total curie amounts for technetium-99, iodine-129, and
carbon-14. With the current request for additional
radionuclides, this 1994 document wag reexamined. Total core
structural estimates from the same evaluation were available for
nickel-s9, nickel-63, and niobium-54. PFor Cs-137, Sr-90, U
isotopes and transuranic isotopes, the values were obtained by
taking the ratios of these nuclides to Nb-94 in a more recent
evaluation of core structural waste and then using the Previously

10
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MAR. 25. 2004 7:28AM NO.187 P 13

reported Nb-$4 total to obtain the other nuclides. For Co-6£0,
this scaling method would have produced an estimate of &.2E+05
curies. Since previoug NRF and IBO letters had estimated the Co-
60 total to be 1.2E+06 curies, this higher value wag used for Co-
60. All of these values are considered upper bound estimates

the activation caleulations. For the best estimate, the above
tables use 50 percent of the uppsr bound estimates.

The curies associated with the Liquid/APAC/0il and Sludge/Resin
waste streams were revised. This was based on an additional
review that was performed on the several thousand disposal
records. The changes fall within the uncertainty discussed in
NR:IBO-03/100 and do not significantly change the curie totals of
the primary radionuclides of concern.

11
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NR:IBO-03/070—PRELIMINARY SHIPPINGPORT FUEL REVIEW

THE CONTENTS OF THIS DOCUMENT ARE
THE HIGHEST QUALITY AVAILABLE

INITIAL %L DATE /ﬂa 2/ /3
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Department of Energy

Pittsburgh Navai Reactors Office
Idaho Branch Office
P.O. Box 2469
|daho Falis, Idaho 83403-2469 NR:IBO-03/070

June 11, 2003

E. D. Sellers, Manager

USDOE, Idaho Operations Office
1 Energy Drive

Idaho Falls, ID 83401-1203

SUBJECT: PRELIMINARY SHIPPINGPORT FUEL REVIEW; FORWARDING OF

Background: In memorandum EM-ER-02-213 dated December 19, 2002,
the DOE Idaho Operations Office (DOE-ID) requested Naval
Reactors, Idaho Branch Office (NR/IBO) assistance in resolving
issues associated with characterizing the waste inventory for the
Radioactive Waste Management Complex (RWMC). NR/IBO responded to
DOE-ID in letter NR:IB0O-03/015 dated February 4, 2003.

One area of particular interest in the DOE-ID regquest was
determining the amount and curie content of irradiated fuel from
the Shippingport Pressurized Water Reactor (PWR) that was
disposed of at RWMC. DOE-ID requested the following information
regarding the Shippingport fuel:

1) A complete review of shipping records and documentation of
findings.

2) An assessment of the initial Shippingport fuel mass and an
accounting of its ultimate fate.

3) A review of the Shippingport seed fuel.

Discussion: The Naval Reactors Facility (NRF) disposed of a
small amount of radioactive waste containing Shippingport PWR
Core 1 irradiated fuel at the RWMC in the 1960's when there were
no limitations for curie content or transuranic radionuclides in
radiocactive waste. This letter forwards a preliminary review of
the amount of Shippingport fuel disposed of at RWMC. The review

. includes a detailed evaluation of disposal records as well as a
mass balance of both seed and blanket fuel from Shippingport PWR
Core 1.

The review concludes that approximately 214 Kg of irradiated
natural uranium associated with the Shippingport plant were
disposed at the RWMC. Assuming the uranium could be collected
from the rest of the waste, the volume would be less than that of
a 5 gallon waste paper basket. While this %eview is provided in
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E. D. Sellers, Manager 2 NR:IBO-03/070
June 11, 2003

preliminary form, the search for information on Shippingport fuel
is essentially complete. The PWR Core 1 seed_and blanket fuel
received at NRF have been accounted for within the accuracy of
record-keeping systems maintained at the time. No significant
changes in Shippingport PWR Core 1 information are expected as
the remainder of the overall review requested by your memorandum
is completed.

NR/IBO requests the opportunity to review in advance any use of
the Shippingport preliminary review in correspondence or
environmental analysis to ensure that the information and data
contained in this review is accurately transmitted.

Action: The NR/IBO preliminary review of radioactive waste
containing Shippingport irradiated fuel sent to the RWMC is
attached. As requested by your memorandum, additional reports
dealing with characterizing the radioactive waste inventory sent
. from NRF to RWMC will be forwarded to you as they are completed.
If you have any questions or need additional information, please
contact me at 533-5317.

B E Rurn

S. L. Dunn
Naval Reactors Idaho Branch Office

cc: J.G Snook, ' DOE-ID

Attachment:
Evaluation of Receipt and Disposition of Shippingport Fuel
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Evaluation of Receipt and Disposition of Shippingport Fuel

Background on the Expended Core Facility and the Shippingport Pressurized Water Reactor

The Expended Core Facility (ECF), which is located at the Naval Reactors Facility (NRF) on the Idaho
National Engineering and Environmental Laboratory (INEEL), has examined and tested fuel from

. nuclear-powered warships and the Shippingport Atomic Power Station. In addition, ECF has
examined small specimens of irradiated fuel that were placed in a test reactor, such as the Advanced
Test Reactor. The information from detailed study of this fuel has enabled tremendous improvements
to U.S. naval and commercial reactor designs. One result is that the endurance of naval nuclear
propulsion plants has been increased from two years for the first core in USS NAUTILUS (SSN 571) to
the entire 30+ year lifetime of the submarines under construction today. Most importantly, this
research has dramatically improved the warfighting capabilities of America’s nuclear-powered
warships.

The Shippingport Atomic Power Station was the Nation’s first commercial nuclear power reactor.
Initial operation was in December 1957. Shippingport was a pressurized water reactor. The first two
reactor cores were "seed and blanket" reactor cores. The seed modules had highly enriched
uranium, and the blanket modules had natural uranium. The first core (PWR-1) had three partial
refuelings where the expended seed fuel was removed and replaced with new seed fuel. Selected
blanket fuel also was removed and replaced during the seed refuelings. The final defueling of PWR-1
included the removal of all seed and blanket fuel. The second core (PWR-2) included one refueling,
where the seed fuel was removed and replaced. The defueling included the removal of all seed and
blanket fuel in preparation for the light water breeder reactor. (reference a)

The seed fuel associated with PWR-1 was referred to as Seed 1, Seed 2, Seéd 3, and Seed 4, which
correlates with the initial seed loading and the replacement seed fuel at each partial refueling.

Figure 1 in Attachment 1 shows the arrangement of the PWR-1 core. There were 32 seed
assemblies. Each seed assembly included four subassemblies (128 total) and each subassembly
contained 15 fuel elements (1920 total). Figure 2 in Attachment 1 shows a cross section of a seed
subassembly. The as-built U-235 loading for Seed 1 was 75 kilograms (Kg) of U-235 while Seeds 2
through 4 had 90 Kg of U-235. Operations with Seed 1 occurred between 1957 and 1959; Seed 2,
between 1960 and 1961; Seed 3, between 1961 and 1962; and Seed 4, between 1963-and 1964.
(reference b) ‘ :

In addition to the seed fuel, two test assemblies containing high enriched uranium were placed into
PWR-1. These test assemblies, known as Special Oxide Assembly Prototype (SOAP) 1 and I,
replaced blanket fuel assemblies. SOAP-I was placed in the core during the partial refueling for
replacement of Seed 2 with Seed 3. SOAP-Il was placed in the core during the partial refueling for
replacement of Seed 3 with Seed 4. Both SOAP assemblies were removed during the final defueling
of PWR-1. (reference b)

The PWR-1 blanket fuel was made of natural uranium in the form of natural uranium dioxide peilets
clad with zircaloy tubes. Figure 3 in Attachment 1 shows the arrangement of a PWR-1 blanket
assembly. Each blanket assembly was made from seven stacked fuel bundles. Each fuel bundle was
an array of zircaloy tubes with natural uranium oxide pellets in the tubes. PWR-1 had space for 113
blanket assemblies. Each assembly contained seven fuel bundles (total of 791) and each bundle
contained 120 fuel rods (total of 94,920). The as-built natural uranium loading for the blanket fuel was
approximately 12,850 Kg of natural uranium. (references a,c,d) '

During each seed refueling of PWR-1, some blanket fuel assemblies were removed primarily for
testing purposes to evaluate the performance of the blanket fuel. Most of the blanket fuel was not
removed during the refuelings and remained in PWR-1 through all four seeds. During the Seed 1

1

106



replacement with Seed 2, two blanket fuel bundles and one blanket assembly were replaced and sent
to ECF at NRF for testing purposes. During the Seed 2 replacement with Seed 3, three blanket
assemblies were replaced and sent to NRF. The SOAP-I test assembly replaced one blanket
assembly, while the other two blanket subassemblies were removed for testing purposes.

When Seed 3 was replaced with Seed 4, again three blanket assemblies were replaced and sent to
NRF. The SOAP-II test assembly replaced one blanket assembly and the Special Assembly of
Blanket Rod Elements (SABRE) assembly replaced another. The SABRE assembly was a natural
uranium blanket assembly where the fuel rods extended the full height of the core rather than being
subdivided into smaller stacked bundles. During the final defueling of PWR-1, all the blanket and
seed fuel was removed.

The PWR-2 core was also a seed and blanket core with 20 seed assemblies and 77 blanket
assemblies. The core had one refueling where Seed 1 was replaced with Seed 2 fuel. The first seed
operated between 1965 and 1969, while the second operated between 1969 and 1974. The as-buiit
U-235 loading of PWR-2 Seed 1 was 336 Kg U-235, and Seed 2 was 380 Kg U-235. The blanket -
fuel, had an as-built natural uranium loading of 17,100 Kg natural uranium. (references e,f)

One blanket assembly location in PWR-2 was occupied by a Multipurpose Extended Life Blanket
Assembly (MELBA). The purpose of the MELBA assembly was to determine the effect of extended
irradiation on PWR-1 blanket bundles. Eighteen PWR-1 blanket bundles were retained for use in the
MELBA. Nine bundles were inserted in the MELBA assembly and irradiated during PWR-2 Seed 1
operation. Nine bundles were retained as backup bundles. During the PWR-2 partial refueling, the
MELBA assembly was removed. Three bundles were replaced with backup bundles, and the MELBA
assembly was reinserted for operation with PWR-2 Seed 2. One regular blanket assembly also was
removed for examination and replaced during the partial refueling. All seed and blanket fuel was
removed from the Shippingport reactor following completion of PWR-2 operation in 1974. (references

efg)

Purpose of This Evaluation

Examination of spent fuel at ECF can involve the testing of small pieces that are removed from the
fuel. Some pieces may also undergo destructive evaluation, such as chemical dissolution and
measurement of the amount of individual radionuclides in those pieces. In some cases, these
examinations resulted in waste containing small amounts of irradiated fuel. Prior to 1970, some of
these wastes were disposed of at the Radioactive Waste Management Complex (RWMC) at INEEL in
accordance with the radioactive waste requirements at that time.

In reference (h), the DOE Idaho Operations Office (DOE-ID) requested Naval Reactors, Idaho Branch
Office (NR/IBO) assistance in resolving issues associated with characterizing the waste inventory for
the Radioactive Waste Management Complex (RWMC). One area of particular interest in this request
was determining the amount and curie content of irradiated fuel from the Shippingport plant which was
disposed of at RWMC. DOE-ID requested the following information regarding the Shippingport fuel:

(1) A complete review of shipping records and documentation of findings. )
(2) An assessment of the initial Shippingport fuel mass and an accounting of its ultimate fate.
(3) A review of the Shippingport seed fuel.

The purpose of this evaluation is to provide a documentation of the requested information. This

“includes a summary of the disposition of the Shippingport irradiated fuel and a justification for the
adequacy of the estimated quantity of fuel sent to the RWMC. The information provided should be
used in any inventory estimates for this specific waste stream. .
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Receipt of Shippingport Fuel at ECF

All Shippingport PWR-1 and PWR-2 Seed fuel as well as the high enriched uranium SOAP test
assemblies were shipped to the Expended Core Facility (ECF) following the various seed refuelings
and defuelings. Attachment 2 pravides a listing of all PWR-1 seed fuel receipts at ECF.

Only a portion of the blanket fuel assemblies from PWR-1 was sent to ECF for examination.
Attachment 3 provides a listing of all PWR-1 blanket fuel receipts at ECF. The 4330 kilograms of
uranium in PWR-1 blanket fuel shipped to ECF were about one third of the total 12,850 kilograms of
uranium in the PWR-1 blanket. The other two thirds of the blanket fuel were sent directly to Hanford.

All shipments of MELBA and PWR-2 seed and blanket fuel to ECF aoccurred after the change in burial
requirements in 1970. Therefore, there is no concern that any of the PWR-2 fuel in ECF's
possession, including the MELBA bundles, was disposed of at RWMC. All PWR-2 fuel that was not
sent to INTEC for processing or to another off-site organization for testing and examination remains in
storage at ECF. PWR-2 fuel receipts and disposition are not discussed further in this evaluation.

Review of Waste Disposal Records

Previous record reviews by DOE-ID contractor personnel have found several "Waste Disposal and
Authorization Forms" originating from ECF that have identified irradiated PWR fuel in the waste
contents. A thorough review of NRF waste disposal records was performed to determine whether any
additional PWR irradiated fuel shipments to RWMC could be found.

Several sources of information were considered in the review of irradiated PWR-1 fuel that may have
been sent to the RWMC. These sources included NRF RWMC shipping manifest disposal records,
past letters, and monthly disposal reports. The NRF waste shipping manifests were verified complete
by the sequential numbering used during this time period for shipments sent from various facilities at
NRF. For example, shipments from ECF in 1960 began with the number 69 (meaning there was 68
previous shipments from ECF prior to 1960) and were sequentially numbered to 934 through the end
of 1965. In 1966, the sequential numbering was modified such that the first shipment for the year was
E-1 (“E” for ECF, “S” for S1W, etc.) and shipments were sequentially numbered until the beginning of
the next year: This numbering system helped verify the completeness of the shipping records. PWR-
1 fuel shipments from NRF would have originated from ECF. Beginning in 1970, those wastes
defined as transuranic materials were not sent to RWMC for permanent burial.

Attachment 4 provides copies of all of the Waste Disposal and Authorization Forms (waste shipping
manifests) to RWMC related to irradiated PWR fuel. No additional irradiated fuel shipments were
found during this latest review other than those provided by the DOE-ID contractor. The Waste
Disposal and Authorization Forms usually included descriptions, volumes, weight, container type,
estimated curies, radiation levels, and various approvals for the waste shipment. All of the Waste
Disposal and Autharization Forms manifests include a nuclear material accountability signature
(referred to as an “SS” signature on the manifest) that was signed if fuel was part of the shipment. In
general, the information provided on the manifests were accurate with the exception of the curie totals
and radionuclide content. The listed radioactivity content varied widely for similar shipments, and thus
cannot be considered reliable. The mass of nuclear material (i.e., uranium, plutonium, etc.) is likely to
be accurate since these were based on fuel accountability requirements and were verified with
signatures by those responsible for the nuclear material. Also, the listed masses are consistent with
the listed content and do not indicate the same variation and inconsistencies as the curie content.

Attachment 5 lists the known shipments of PWR irradiated fuel to the RWMC and provides an
estimate of the fuel disposed at the RWMC based on the NRF shipping disposal manifests. A total of
approximately 214 Kg of irradiated uranium is estimated to have been sent to the RWMC. A small
fraction of this fuel, 5.48 Kg of uranium, was in a dissolved form absorbed in vermiculite. During

3
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testing and analysis at ECF, small quantities of material were dissolved in nitric and hydrofluoric acid.
The remainder of the irradiated fuel was listed as being in individual rods or bundles of rods. While no
information is available on the integrity of the cladding in these rods, it is likely that the cladding was
intact in cases where complete bundles were disposed of (190 Kg uranium). In cases were individual
rods were disposed of or bundles were incomplete or partially disassembled (18 Kg uranium), it would
be appropriate to assume that the rod cladding is open to the immediate environment. Figure 4 in
Attachment 1 shows the typical configuration of a PWR-1 rod. -

As noted above, no additional shipments of irradiated PWR-1 fuel were identified during this review.
In fact, the 214 Kg of irradiated uranium listed in Attachment 5 is approximately 16 Kg less than the
230 Kg total listed in the preliminary evaluation forwarded by the Naval Reactors Idaho Branch Office
on March 6, 2002 (reference i). The reduction is due to the determination that a 16 Kg shipment
documented in a nuclear material inventory reconciliation report for the second haif of 1969 and first
half of 1970 was actually unirradiated uranium rather than irradiated uranium. Shipments of
unirradiated uranium to RWMC will be addressed in a future report.

Material Balance for PWR-1 Seed and Blanket Fuel Received at ECF

As part of this review, a material balance was conducted to compare the amount of PWR-1 fuel that
was received at ECF with the amount that was shipped out from ECF or is still in storage at ECF.
Separate material balances were performed for the seed fuel and the blanket fuel. One difficulty in
performing such material balances was locating the specific fuel transfer records for PWR-1 fuel.
Over its long history, ECF has received and transferred large amounts of nuclear fuel in a very large
number of transactions. In addition to the Shippingport fuel, these transactions include the much
larger amount of naval spent fuel as well as a large number and variety of irradiated fuel test
specimens. Fuel transfer records from the 1960's are not computerized, nor are they sorted by type
of fuel such as PWR-1. Generally, these records are grouped by the site of origin for receipts and the
destination site for transfers. Records of receipt of Shippingport PWR-1 fuel at ECF were relatively
easy to locate because they came primarily from the Shippingport site at known times. Transfers of
various types of fuel away from ECF went to a large number of piaces both on INEEL and off-INEEL.
Known locations of off-INEEL transfers include the Bettis and Knolls Atomic Power Laboratories,
Battelle -Columbus Laboratory, Battelle Pacific Northwest Laboratory, other Hanford contractors, Chalk
River in Canada, Oak Ridge National Laboratory, and the Savannah River Site. When looking for
PWR-1 fuel transfer records, it has been necessary to concentrate the search on destinations where
such fuel is known to have been sent and timeframes when such transfers were most likely to have
occurred. Thus, it is possible that some records of PWR-1 transfers from ECF may not have been
located among the large number of historical records. Such cases, if they exist, would tend to inflate
the potential deficit of PWR-1 fuel in these material balances.

Another source of uncertainty in such material balances involves knowing precisely how much
uranium was in a particular piece of PWR-1 fuel. While the as-built quantities of uranium in new
PWR-1 fuel would be known within manufacturing tolerances, the amount of uranium remaining in
irradiated fuel was less well known. One of the chief reasons for examining PWR-1 seed and blanket
fuel was to determine the accuracy of calculations of how many fissions occurred in various parts of
the core. Thus, the understanding of how much uranium would have been in individual parts of the
PWR-1 core would have changed as a result of the examination. It is not clear that the amount of
uranium listed for any particular piece would be the same when that piece was transferred from ECF
as it was when that piece was shipped to ECF. As a result of these types of potential differences,
these material balances should be considered as an indication that there is not a large potential deficit
of fuel, and not an exact reconciliation.
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All of the PWR-1 seed fuel was shipped to ECF from Shippingport. Attachment 2 provides a detailed
listing of each shipment of seed fuel. The high enriched uranium SOAP test assemblies are included
in the seed fuel listing. This is summarized below. The “Element” refers to the total uranium mass

while “Isotope” refers to U-235.

Summary of PWR-1 Seed Fuel Received at NRF

Seed 1 32 Seed Assemblies 55,441 g Element
Received 45,322 g Isotope
Seed 2 32 Seed Assemblies 62,256 g Element
Received 48,238 g Isotope
Seed 3 32 Seed Assemblies 63,630 g Element
Received 47,440 g Isotope
Seed 4 32 Seed Assemblies 64,746 g Element
Received 52,016 g Isotope
SOAP-| 760 g Element
477 g Isotope
SOAP-I 1,011 g Element
: 914 g Isotope
Total 128 Seed Assemblies 247,844 g Element

Received & SOAP-I/SOAP-Il 195,407 g Isotope
Test Assemblies

Attachment 6 is a listing of the disposition of the PWR-1 seed fuel and SOAP test assemblies. Most
of the shipments were to ICPP, which is consistent with the high enriched uranium content of this fuel.
Some SOAP fuel remains in storage at ECF today. A summary of Attachment 6 is provided below.

Summary of PWR-1 Seed Fuel for Which Disposition is Known

Seed 1 52,988 g Element
43,304 g Isotope
Seed 2 60,801 g Element
48,087 g Isotope
Seed 3 61,891 g Element
46,143 g Isotope
Seed 4 64,734 g Element

52,015 g Isotope

Combined Seed or 4,781 g Element

Unspecified Seed 3,744 g Isotope
SOAP 1,622 g Element

: 1,191 g Isotope
Total - 246,817 g Etement

194,484 g Isotope
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The amount of seed fuel received slightly exceeds the amount listed in the known disposition table by
1.027 Kg total uranium with 0.923 Kg U-235. None of the records of known shipment of Shippingport
fuel to RWMC included PWR-1 seed fuel or high enriched uranium SOAP fuel. As discussed
previously, the search for PWR-1 fuel reviewed several thousand transactions and a few individual
transactions may have been overiooked during the search. Another possibility is that small pieces of
PWR-1 seed fuel were included with other high enriched uranium shipments to ICPP. There are
records of shipments of small pieces of high enriched fuel to ICPP for which the specific fuel type is
not recorded. As noted above, the amount of uranium in any individual part of fuel may have changed
due to different methods of estimating or calculating uranium content. Finally, it is likely that small
amounts of PWR-1 seed fuel were destructively analyzed and the material became part of the other
ECF radioactive waste streams that would have gone to RWMC. As part of the overall review of NRF
waste shipments to RWMC, these other waste streams are being separately evaluated. Due to the
relatively small amount of PWR-1 seed fuel with unknown disposition, the lack of any disposal records
clearly indicating disposal of PWR-1 seed fuel at RWMC, and the ready availability of a disposition
path at ICPP in the 1960s for high enriched uranium fuel, it is concluded that no separate RWMC
source term is needed for PWR-1 seed fuel.

A separate material balance was performed for PWR-1 blanket fuel. Attachment 3 lists the receipt of
PWR-1 blanket fuel. This is summarized below.

Summary of PWR-1 Blanket (Natural Uranium) Fuel Received at NRF

Total PWR-1 Blanket Fuel Received . 4 Fuel Bundles
38 Blanket Assemblies
1 SABRE Assémbly .

Total (Mass) PWR-1 Blanket Fuel Received 4330 Kg U

Attachment 7 is a listing of the disposition of the PWR-1 blanket fuel. The search for sites where
blanket fuel might have been sent was much more difficult than for the PWR-1 seed fuel because
ICPP did not process natural uranium fuels and a much larger number of potential destination sites
were possible. NRF performed a search of the fuel transaction records and the shipping manifests
between 1960 and 1980 to identify any shipments that may contain PWR-1 blanket fuel. Most of the
PWR-1 blanket fuel received at ECF was discovered to have been shipped to Hanford. Some blanket
fuel remains in storage at ECF. Waste disposal records indicate that 214 Kg of uranium were shipped
to RWMC for disposal. A summary of Attachment 7 is provided below.

Summary of PWR-1 Blanket Fuel for Which Disposition is Known

PWR-1 Blanket Fuel 214 KgU
at RWMC
PWR-1 Blanket Fuel 3811 KgU

Transferred to Other Sites

PWR-1 Blanket Fuel 304 Kg U
in Storage at ECF

Total Accounted for 4329 Kg U
PWR-1 Blanket Fuel
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The amount of PWR-1 blanket fuel received exceeds the amount listed in the known disposition table
by one Kg. This is a very small fraction of the amount of PWR-1 blanket fuel received at ECF. Minor
differences in the quantity of PWR-1 blanket fuel shipped or in storage could be the resuit of various
estimation methods, such as burn up calculations, assay sampling, fuel processing recovery amounts,
etc. that could have been used to estimate the remaining fuel. Also, transfer records for natural .
uranium fuel were often rounded to the nearest kilogram which could account for small differences.
Given the fact that the numbering and description of waste disposal records appears to be complete
and the amount of potentially unaccounted for blanket fuel is so small, this bianket fuel material
balance does not constitute a data gap that would warrant assigning a higher value to the amount of
PWR-1 blanket fue! disposed of at RWMC.

Calculation of Curie Content of PWR-1 Blanket Fuel at RWMC

Attachment 8 provides an assessment of the curie content of the PWR-1 blanket fuel sent to the
RWMC. Various assumptions were used to provide a best estimate of the curie content of the fuel.
Attachment 8 defines assumptions made and the modeling used, and provides the resuits for
radioisotopes of primary concern. The data in Attachment 8 provides isotopic activities per kilogram
of uranium for a selected list of isotopes. These data have been used to develop Table 1 which lists
isotopic activities associated with the 214 Kg or uranium shipped to the RWMC for disposal.
(references ¢, j, n, 0)

Uncertainty

Given that the results of the material balances correlate well with the review of burial records, the 214
Kg of uranium at RWMC is considered accurate. As discussed in Attachment 8, the calculated curie
content per kilogram of uranium is considered to be accurate within approximately 50 percent for
fission product radionuclides. For plutonium and other actinide radionuclides, the curie content
calculation is known to be significantly conservative. The uncertainty range for plutonium and other
actinides would be from one third of the listed value up to the listed value.

Summary

NRF reviewed shipping disposal manifests, fuel transaction records, monthly disposal records, etc. to
evaluate the waste stream associated with fuel from the Shippingport Atomic Power Station. The
review concluded that approximately 214 Kg of irradiated natural uranium associated with the
Shippingport plant were disposed at the RWMC. Of the 214 Kg, approximately 5.5 Kg was in
dissolved form absorbed in vermiculite. Approximately 190 Kg is likely to have intact cladding while
18 Kg should be considered to be in pellet form with potentially non-intact cladding. The total curie
content is shown in Table 1 below at the one and five years of decay which encompasses the
timeframe that the Shippingport fuel was sent to the RWMC after shutdown of PWR-1.
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Table 1. Isotopic Activities for PWR-1 Irradiated Fuel Sent to RWMC

1 Years Decay 5 Years Decay

Isotope Total Curies Total Curies
Ac-227 3.57E-08 9.57E-08
Am-241 2.22E+01 5.83E+01
Am-243 4.80E-02 | 4.80E-02
C-14 1.94E-02 1.94E-02
Cm-244 747E-01 6.13E-01
Cs-137 7.27E+03 6.60E+03
Eu-152 1.57E+00 1.27E+00
Eu-154 1.75E+02 1.27E+02
H-3 3.16E+01 2.52E+01
1-129 2.67E-03 2.67E-03
Nb-94 9.40E-06 9.40E-06
Np-237 5.47E-03 5.53E-03
Pa-231 4.97E-07 5.80E-07
Pb-210 3.53E-10 1.39E-09
Pu-238 2.43E+01 2.46E+01
Pu-239 9.10E+01 9.10E+01
Pu-240 7.93E+01 7.93E+01
Pu-241 6.23E+03 5.13E+03
Pu-242 5.23E-02 5.23E-02
Ra-226 5.33E-09 1.37E-08
Ra-228 4.50E-13 1.46E-12
Sr-90 4.27E+03 3.87E+03
Tc-99 1.02E+00 1.02E+00
Th-228 7.53E-05 1.86E-04
Th-229 1.29E-09 1.83E-09
Th-230 3.73E-06 5.93E-06
Th-232 2.00E-12 4.03E-12.
U-232 1.62E-04 2.44E-04
U-233 1.48E-06 1.57E-06
U-234 5.97E-02 6.00E-02
U-235 9.70E-04 9.70E-04
U-236 1.03E-02 1.03E-02
U-238 7.03E-02 7.03E-02
8
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Figure 1. Cross-Section of Shippingport PWR-1 Core
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SHIPPINGPORT CORE 1 SEED F

AT NRF

Attachment 2

UEL AND SOAP ASSEMBLIES RECEIVED

All Shippingport (PWR) seed fuel was received at NRF from the Duquesne Light Company. Core 1
included four refuelings where all seed fuel was replaced. There were 32 assemblies of seed fuel
associated with each refueling. Each assembly contained four subassemblies. Each subassembly
contained 15 fue!l elements. The SOAP-| and SOAP-II were special seed fuel test assemblies.
“Element” quantities refer to the total mass of uranium. “Isotope” quantities refer to total mass of

Uranium-235. The serialized fuel accountability transfer transactions are referenced.

Date

5/5/60

7/22/60

2/20/61

3/31/81

11/16/61

12/15/61

3/13/63

6/6/63

7/25/63

5/25/64

12/23/64

3/8/65

3126/66

Fuel Received at NRF

1 Expended Seed assembly from Core |, Seed 1 of the
Shippingport Atamic Power Station (SAPS)

1 Expended Seed Assembly from Core |, Seed 1 of
SAPS.

16 Expended Seed Assemblies from Core |, Seed 1 of
SAPS.

14 Expended Seed Assemblies from Core |, Seed 1 of
SAPS. :

16 Expended Seed Assemblies from Core |, Seed 2 of
SAPS.

16 Expended Seed Assemblies from Core |, Seed 2 of
SAPS.

16 Expended Seed Assemblies from Core |, Seed 3 of -
SAPS.

14 Expended Seed Assemblies from Core |, Seed 3 of
SAPS. )

2 Expended Seed Assemblies from Core 1, Seed 3 of
SAPS .

Receipt of PWR-1 SOAP Il fuel from Duquesne.

4 Expended Seed Assemblies from Core 1, Seed 4 of
SAPS,

SOAP-I| (Subassembly No. x)

12 Expended Seed Assemblies from Core 1, Seed 4 of
SAPS. .

16 Expended Seed Assemblies from Core 1, Seed 4 of
SAPS.

124

Quantity

1,732 g Element
1,416 g Isotope

1,732 g Element
1,416 g Isotope

27,720 g Element
22,661 g Isotope

24,257 g Element
19,829 g Isotope

31,128 g Element
24,619 g Isotope

31,128 g Element
24,619 g Isotope

31,815 g Element
23,720 g Isotope

27,838 g Element
20,755 g Isotope

3,977 g Element
2,965 g Isotope

1,011 g Element
914 g Isotope

8,093 g Element
6,502 g Isotope

760 g Element
477 g isotope

24,280 g Element
19,506 g Isotope

32,373 g Element

26,008 g Isotope

Reference

DUQ-WEI-4
DUQ-WEI-5
DUQ-WEI-6
DUQ-WEI-7
DUQ-WEI-11
DUQ-WEI13
DUQ-WEH-15
DUQ-WEI-16
DUQ-WE-18
DUQ-WEI-20

PAB-PZB-1

PAB-PZB-2

PAB-PZB-3



Summary Core 1 Received at NRF

Seed 1

Seed 2

Seed 3

Seed 4

SOAP-I

SOAP-II

Total

32 Seed Assemblies
Received

32 Seed Assemblies
Received

32 Seed Assemblies
Received

32 Seed Assemblies

. Received

128 Seed Assemblies
Received & SOAP-I/SOAP-II
Test Assemblies

55,441 g Element
45,322 g Isotope

62,256 g Element
49,238 g Isotope

63,630 g Element
47,440 g Isotope

64,746 g Element
52,016 g Isotope

760 g Element
477 g Isotope

1,011 g Element

914 g Isotope

247,844 g Element
195,407 g Isotope
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Attachment 3

SHIPPINGPORT CORE 1 BLANKET FUEL (NATURAL URANIUM) RECEIVED

AT NRF

Shippingport (PWR) irradiated blanket fuel was primarily received at. NRF from the Duquesne Light
Company. Core 1 included three refuelings where portions of the blanket fuel were replaced. A final
defueling included all the blanket fuel being replaced. There were 113 blanket assemblies contained in
Core 1. Each blanket assembly contained seven fuel bundles. Each fuel bundle contained 120 fuel
rods. “Element” quantities refer to the total mass of uranium. “Isotope” quantities refer to total mass of

Uranium-235. The serialized fue!l accountability transfer transactions are referenced.

Date

2/4/60
2/12/60
2/15/60
9/22/61
10/16/61
11/24/61
»1)21!63
6/6/63
4/3/64

7/21/64

Fuel Received at NRF

Receipt of one Irradiated Fuel Bundle from Reactor at
Shippingport Atomic Power Station (SAPS). Bundle is
from Original Blanket Assembly No. 031.

Receipt of 1 lrradiated Blanket Assembly from Reactor

at SAPS.

Receipt of 1 Irradiated Fuel Bundle from Reactor at
SAPS. :

Receipt of 1 Irradiated Blanket Assembly from Reactor
at SAPS.

Receipt of 1 Irradiated Blanket Assembly from Reactor
at SAPS.

Receipt of 1 Irradiated Blanket Assembly from Reactor
at SAPS.

Receipt of Irradiated Blanket Assembly from Reactor at
SAPS.

Receipt of 2 rradiated Blanket Assemblies from
Reactor at SAPS.

Receipt SABRE Assembly

Receipt of two PWR Core 1 fuel bundles from Bettis.
{ref. values from DUQ-WEB-16}
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Quantity

16 Kg Element
0.081 Kg Isotope
37 g Plutonium

112 Kg Element
1 Kg Isotope®

261 g Plutonium .

16 Kg Element
0.081 Kg Isotope
37 g Plutonium

112 Kg Element
0.372 Kg Isotope
501 g Plutonium

112 Kg Element
0.372 Kg Isotope

. 501 g Plutonium

112 Kg Element
1 Kg Isotope®™
501 g Plutonium

111 Kg Element
0.339 Kg Isotope
525 g Plutonium

223 Kg Element
1 Kg Isotope'®
208 g Plutonium

87 Kg Element
1 Kg Isotope'®
208 g Plutonium

31.6 Kg Element
0.08 Kg Isotope
165 g Plutonium

Reference

DUQ-WEI-1

DUQ-WEI-2

DUQ-WEI-3

DUQ-WEI-8

DUQ-WEI-9

DUQ-WEI-12

DUQ-WEI-14

DUQ-WEIT7

DUQ-WEI-19

PZA-PZB-1



Attachment 3

12/23/64 Receipt of 10 iradiated Blanket Fuel Assemblies with 7 1204 Kg Element® PAB-PZB-1
original Fuel Bundles and1 irradiated Blanket Fuel 3Kg Isotope"’
Assembly with 6 original Fuel Bundles and 1 6263g Plutonium
unirradiated Fuel Bundle containing Normal Uranium. -
3/8/65 Receipt of 4 irradiated Blanket Fuel Assemblies 412 Kg Element . PAB-PZB-2
containing depleted Uranium and Plutonium. 1 Kg Isotope®
2143g Plutonium
6/18/66 Receipt of 16 PWR-1 Irradiated Blanket Fuel 1,781 Kg Element PAB-PZB-4
Assemblies containing Depieted Uranium and 6 Kg Isotope .
Plutonium from Duquesne Light Co. 9392g Plutonium
Notes: )
(a) Value was likely rounded up. A more likely quantity is 0.567 Kg (based on 0.081 Kg per fuel bundle and
_ each assembly containing 7 bundles — see 2/4/60 shipment)
(b) Value was likely rounded up. A more likely quantity is 0.372 Kg (see 10/16/61 shipment)
(c) Value was likely rounded up. A more likely quantity is 0.678 Kg (based on 0.339 Kg per fuel bundle - see
) 1/21/63 shipment)
(d) Value was likely rounded up. If same ratio of “Isotope” to “Element” as 2/60 shipments is used (which is
- the highest such ratio), the quantity would be 0.44 Kg.
(e) Total does not include unirradiated fuel bundle.
(V)] Total was likely rounded down. A more likely quantity is 3.08 Kg (based on same ratio of “Isotope” to
“Element” as 7/21/64 shipment).
(9) Total was likely rounded down. A more likely quantity is 1.043 Kg (based on same ratio of “Isotope” to

“Element” as 7/21/64 shipment).

Summary PWR-1 Blanket (Natural Uraniﬁm) Fuel Received at NRF

Total (Mass) PWR-1 Blanket Fuel Received . 4329.6 Kg Element

15.325 Kg Isotope
20.742 Kg Plutonium

Best Estiniate Total Mass of Isotope (based on notes on table) 13.505 Kg Isotope
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ID-110 Tittsa  Copss i
(R1158) .'m-3 WASTE DISPOSAL REQUEST AND AUTHORIZATION

. s
SECTION I - (TO BE COMPLETED BY ORIGINATING ORGANIZATION)
ORIGINATING ORGANIZATION __ ECF Qperations
DESCR.IP'I‘ION OF WAS'I'E (Complete applicable parts)
Liquid Solid_ X - Volume _J,_qu,xd_Wexght T :
Radioactive: Yes_ X No Curies
Mr/hr at container surface___ 50. M I W [ S lipee
SS Material Type2ire clad Tods Amount: Net 1.0h Kgs. Tsotope_Pu239
Classification: Secret_None Confidential None Category: I I m

ComPOSiﬂom_DhmMA_ﬂmmdﬂJﬁam_&llh@SSl_myzh:dimmnmum-
disposal = & J’c’m % 2odl b oom SS. S ITH grein [/ i

Capital Equipment No.
Associated Hamrds Lrtse”” ﬁm&f ot 2 MC ﬁs_?‘zg “Af L

CONTAINER: Type_Galvanized metal Destroy To be buried Save
MODE OF TRANSPORTATION__Phillips AEC Truck

APPROVAL: :
Q o [
Orxgmatom MQ . 1;*,:« Wz / [CF)

\foa/ko

-]
. (Date)’

SECTION II - (TO BE COMPLETED BY IDO SS MATERIALS SECTION IF SS MATERIALS
ARE INVOLVED IN DISPOSAL OPERATION)

Authorization Number.

- (Signature) (Title) (Date)

SECTION III - (TO BE COMPLETED BY IDO HEALTH AND SAFETY DIVISION)

=
Method of Disposal;__ 7 zse 2 20 Lo s / Lo
Prescribed Precautions: o Zor ol s

APPROVAL: 7 7 S ! '

Site Survey Branch Z, V/22/& s
Analytical Branch__- Vo ‘ -
S&FP Branch

(Signature) (Date)

SECTION IV - (TO BE COMPLETED BY PERSON WITNESSING DISPOSAL)

Disposal was made by means of___- LA/

at_ THHCH Bl Gt 5O on__ Sl 23 o
(Location}” - (Date)

—2 P
7 -(éignéatu‘re): ?9 (Date)
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D130 s 00 W/ DY 1 1243 08460
(R11-58) I NI WS a0 Kﬁmomﬁﬁmm
- /Ww'

T 5 C A"
SECTION I - (TO BE COMPLETED BY ORIGINATING Q]

ORIGINATING ORGANIZATION £ O K

Liguid " Solid A/ Volumq_L—“‘ﬁ__We:
Radioactive: Yes X No_____Curies R
Mr/hrat container mrfa.ce

Associated Hazards:

APPROVAL:
Originator: .\..»Cb_u ey,

SECTION M - (TO BE COMPLETED BY 1DO S MA TON:* \TER
ARE INVOLVED IN DISPOSAL OP! } coand :*; S
Authorization Number: : kS )
: [ B i3] i
(Signature) (Title) Ty, (Date) a4

SECTION I - (TO BE COMPLETED BY IDO HEALTHY

Method of Disposal;, ‘7-(,; 2 / =
Prescribed Precautions:
e

APPROVAL.
Site Survey Branch
Analytical Branch,
S&FP Branch

{Signature)

SECTION IV - (TO BE COMPLETED BY PERSON
mspmlwumdebymemor__@g’g.«—'z & Liteeel ' 2 O

at Yv‘-(m S : ‘ z/f(/é)/
on —{Date
g: ?(Zﬁ.f YL Va
ignature \ 1 7 (Date} *
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" NRFGLLP Sro p9[eS/60 b0 7 & 1243 ‘08450

ID-110 .
(R11-58) WASTE DISPOSAL REQUEST AND AUTHORIZATION 3 __f® %
QLo
ms
SECTION I - (TO BE COMPLETED BY ORIGINATING ORG. TION) _djgieisn -
ORIGINATING ORGANIZATION ECF °P°"t1°‘" RV SRR 2 gk
DESCRIPTION OF WASTE: (Complete applicable pam) S, -
Liguid Solid___ % Volume_2 1w : 17 1008 - .2 e 4
Radioactive: Yes___X No Curles curies (O - ¥ %
Mr/hrat contalnersurfacem "-‘/h'( " shielded meter____ 6 ax/hrmAmi - \°
S5 Material Type 2 : Nét___ 520 grams Tsotope, e
Classification; SecretMome__Confidential None/'Category: I_-___1f__ " mree—— &
Composition; Dissoived TR rods from Blds 3HO103 & 6E0551 absorbad™da TR W
vermiculite For disposal - 1.24 [N ), 520 e &
Capital Equipment No., AT [T tnﬂ--' e

. . Associated Hazards; Direct radiation inri._gg yemoval fwom cask nnd p_aggk;
i high level contamination spread.

; CONTAINER: Type Galvinized metal inserbestroy_ To be huried Save :
. MODE OF TRANSPORTATION___ Phillips Petroleum AEC Truck ot

1

'i Originator, ) \ &, ‘r‘ [s/er

i SS Account, . 2 ot He : 4’/"/2)
HP Rep, Med2Zd S, T4

(Signature) (Tte) . - (Date) |

: SECTION II - (TO BE COMPLETED BY IDO SS MATERIALS SECTION IF SS MAT.’ERIALS
ARE INVOLVED IN DISPOSAL OPERATION)

Authorization Number, . iy e e

o " BN E.‘..,;;1:3 ke R

. (Signature) ., (Title) . -q{Date) < . j

by : T

SECTION III - (TO BE COMPLETED BY IDO- EEALTHANDSAFE’IYDIVISION) ' "l
Method of Disposal: ﬂae/ 20 CLose 4/-/{-’ J'-‘PD—“/ ""'“"'“ :"

.

APLROVAL: pledee &7 lmﬁH" 3
ROVAL: predec 4o ¥ rrso Hiods 1]
Site Survey Branch ?{ r I;j/—‘[ ) P
Analytical Branch . R ‘WM' 7k
S&FP Branch higes uy
(Signature) ) : ,in:‘%;gnaﬁe), ] 4'

Disposal was made by means of,

‘at
tion) .
1gnatum;%
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WRFOLB R0 03/05/41 RI0 70 &
DISPISAL LOCATION: TRENCH 20 1243 o8de0

. :%/??'

ID:110
(R11-58) WASTE DISPOSAL REQUEST AND AUTHGRIZATIONT

SECTION I - (TO BE COMPLETED BY ORIGINATING ORG. IZA‘I’ION)_

ORIGINATING ORGANIZATION ECF Operations

DESCRIPTION OF WASTE: (Complete applicable parts)
2004

3
Liquid Solid___ % Volumel Y& Weight
Radioactive: Yes_x Curles_40 mxm_&au‘%w&
Mr/hr at container surface7° nlhr 4" shisldedaPhhe met‘er /br 23

SS Material Typire clad rods loadiat: N
Classification: Semt__gm__Conﬂdenﬁal_lm_Category
Composition;_Dissolved PWR rods from le.
vermiculite for disposal = 124 gms-¥
Capital Equipment No.,

high level contamination spread,
CONTAINER: Type. Galvanized metal inserBestroy TO be Buried Save

MODE OF TRANSPORTATION__Phillips Pet llum_AEc

%Mﬂb_

SECTION II - (TO BE COMPLETED BY IDO S§ MATERIALSSS ON IF S8 MATERIALS
ARE INVOLVED IN DISPOSAL OPERATION) &

Authorization Number:

(Signature) (Title) (Date)
SECTION I - (TO BE COMPLETED BY IDO HEALTH AND X2 DIVISION)
Mothod of Disposal: ved 20  lover /i c/&/.)uo/
Prescribed Precautions: A€F = CF -Tnd. Moo lfe Contio/ dicsn

[ v Y gad e

APPROVAL: re sjown o, ./,é. . pmodee gy A rtrrosr ey,
Slte Survey Branch ~ (]  2u 23K ge7-G 1/
Analytical Branch :

S&FP Branch

_ (Signature} l 3 (Date) |

SECTION 1V - {TO BE COMPLETED BY PERSON \
Disposal was made by means of

at I F
(Location)
7 (Slingature) 5 ’ 7! i:
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b4

WRFAL8 SRO 05/04/62 810 10000 230 L HE
ID-110 DISPOSAL LOCATION: TRENCH 24 } ,gt

(R11-58) WASTE DISPOSAL REQUEST

SECTION 1 - {TO BE COMPLETED BY ORIGINATING ORGANIZATION) T
ORIGINATING ORGANIZATION _NVLF =~ £¢ ~ J}’A‘,E‘!J{f’z- ~7S :
DESCR.[PI;I?g‘(‘)F ASTE: (Complete applicable palfts) . . .‘ i "

Liquid x __Solld__>< _ Volum

CONTAINER: Type A Jes -
MODE OF TRANSPORTATION OO o L 4¢;_,

APPROVAL: A +q
Originator k. -3/~
SS Account. Rep. ¢ "~ =Gy
HP Rep, . . i 2 b2
. {Signature) © (Title) !i v (Date)

SECTION II - (TO BE COMFLETED BY IDO §S MATERIALS SH’.‘,'I’ION JF §S MATERIALS
ARE INVOLVED IN DISPOSAL OPERATION)

it
| ]
{Signatare) TTitle) - f% (nauz
SECTION I - (TO BE oonpmrm BY IDO HEALTH AND SAFETYDIVISION) 3t ~
: e e / 4 é :* A : :

Authorization b

Method of Disp

2 4 ‘41.__@.:4.1#&&-__"_"&-—
APPROVAL: s 7] fk/"""? diepesal ,,m o/ vl #bp
Site Survey B:
Analytical Eranch
S&FP Branch LA !
T (Signature) : B H ;(Date)
SECTION IV - (TDBECDMPLE'I’ED BY PERSON WITNESSING DI'SP?AL) i
Disposal wi ade by meansof___) i .
at é z I LoD on_ 5B, L
{Location) e ) ]
LAt Bea [ =3
gnature) /. S ata) -
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S WRF618 5RO 03/04/42 820 100 10 .
DISPOSAL LOCATION: TRENCH 25
ID-110

(R11-58) WASTE DISPOSAL REQUEST

P

SECTION I - (TO BE COMPLETED BY ORIGINATING' ORGANIZATION) -
ORIGINATING ORGANIZATION A/ 4 = SC L oﬂfg’»ﬁ/ Mr ~
DESCRIPTION OF WASTE: (Complete applicable parts)

Liquid Solid___X___ Vol ,5‘1/ Waigh
Radioactive: Yes__ X NO Curles K
hr at container t one meter, “

P> WYSS Materlal Type mount- Ne a3
Classification: Secret P
Composition: 0 .
Capital Equipment No. _ = SENE U T
Assoclated Hazards: p . H <@ y

CONTAINER: TypefD. limalitunds c2” Destroy 2 save_ X

MODE OF TRANSPORTATION__£. . Cur, ;6..‘-1 ke s /697

APPROVAL:

Originator. é"‘%‘é%ﬁzé ‘fA/éﬁ/
SS Account. Rep. S/o‘/é :
HP Rep_ &7 Vrtaaa . o'z’

(Slgnamrel (:I?ltle) g (Dae),

SECTION I - (TO BE COMPLETED BY IDO S8 MATERIALS SEC'I'ION [F SS MATERIALS
ARE INVOLVED IN DISPOSAL OPEIRA’I‘ION)

Autho_rluﬁon Number,

= 1

3

(Sigrature) TThEe 1o (Dnu'f)
SECTION i - (TO BE COMPLETED BY 100 HEALTH AND SAFETY DIVISION)
s o Do~ 720 "2 !
Prescribed Precautions:

AFPPROVAL:

Site Survey Branch
Analytical Branch % :
S&FP Branch z. :
. (Signature) : R (Date)
SECTION 1V - (TO BE COMPLETED BY PERSON W!';FESSING DmL)
Disposal was made by means of. e L Z

at__~Ztfe? . AunJ-M.
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NEFELD IR0 0/20742 20 230 29
CISPOML LOCATION: TREMCH 26 1

ID-110

(R1158) WASTE DISPOSAL REQUESTAND'

SECTION I - (TO BE COMPLETED BY ORIGINATING ?LG

ORIGINATING ORCANIZATION,

DESCRIPTION OF WASTE: (Complete applicable parts) ¥}

Liquid sad_ X,

E = EC

Volume s @2\\’e§ht Re !MM”

Radioactive: Yes__ X No__. Curies!

Classification: Secret

I i

Mr/hr at container suruce 2Z0 at Peteaz{ N é f:- T S P
SS Mateml‘l‘ypnt/“ A ‘Net, Ug - LAY
. ¢ YRH

Cnnﬁdentlal Cate;

Assoclated Hazards:

.| CONTAINER: Type.
MODE OF TRANSPORTATION.

APPROVAL: Hipr 5

Originaton,

SS Account. Rep. >9,

_ HP Rep, =z M. Z
(Signature) ( ) (Date)

Vi PfAt“‘ﬁ-D
&

SECTION I - (TO BE COMPLETED BY IDO SS MA’

ARE INVOLVED

IN DISPOSAL OPER.A ON)

Y

LS SECTION'IF 58 MATERIALS

Authorization k
* . (Signature) (%&) (Date)
SAFETY DIVISION)

SECTION I - (TO BE COMPLETED BY IDO HEALTH}

APPROVAL: / /‘,,r ,’../,/o— e

Site Surve;

#.24

Analytical Brarict )74 :
‘S&FP Branch :
: (Signature) _g (Data)
SECTION IV - (TO BE COMPLETED BY PERSO
Disposal was ude meam of y o P2 .
at H - T |

( Lmﬁon ‘; (Pate)
w {Date)
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WRF10 SRO 08/02/62 100 (20 13

DISPOSAL LOCATION: TRENCH 24
1243 " ga4s0
D-110 i
oarza'no

(R11-58) WASTE DISPOSAL REQUEST AND Al NT

SECTION I - (TO BE COMPLETED BY ORIGINATING ORGANIZATION):

ORIGINATING ORGANIZATION A @ F= £ E. - @a«'f e
DESCRIPTION OF WASTE: (Complete applicable parts) '

Liquid Sotid__X Voxume;z_i;é_ Weight

Radioactive: Yes__ X No fes_mr /R0 . —y
Mr/hr at container su.rfuce at one metor. 1-¢ 5.3 g ?z dava
SS Material 'I‘ype_u.________Amnunt- Netf_ﬂ;&m‘y__kotane_l_zz;um

Classification: Sec: ‘et Confidentia] Category I
Compostﬁon' .

Capital Equlpment

_mxé;z.&_

% 137
L g 235

Associated Hazards: e ¥ y - 2
d it led ' :
CONTAINER: Type
MODE OF TRANSPORTATION.
APPROVAL:

Originator,

SS Account. Rep.

7e >

Y_— Save__ M

-%P—" m,, ,f/z/ob
Py st E-3. 627

N,

HP Rep, . A _ ;
{Signature) ('ﬂtle) -, (Date)

SECTION i - (TO BE COMPLETED BY TDO SS MATERIALS SECTION IF $S MATERIALS
ARE INVOLVED IN DISPOSAL OPERATIGN)

Authorization Number__:

(Signature) (Title) {Date)

SECTION III - (TO BE COMPLE.TED BY IDO HEALTH AND SAFETY DIVISION)A

Method of Dlspcsal‘TLné '( <6 (Sﬁ.ﬂ”& '/e_ r‘OJn /;oa 3‘5’)

B ‘V‘“‘"’;ﬁlgj A

Analytical Branch . M
S&FP Branch %
(Signature) . (Date)
, .

SECTION IV - (TO BE COMPLETED BY PERSON WITNBSING DISPOSAL)

Dlsposa; was made by means of MW—L # . &

at 27 n_ f-C-Ca—
o g Ul S
//Signature) - e (Date)
v
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MFALE SR 08/03/42 w10 125 13
DISPOSAL LOCATION: TRENCH 2

ID-110 Vi am
(R11.58) WASTE. . DISPOSAL REQUEST AND Atrmomi}mo

SECTION 1 - (TO BE COMPLETED BY ORIGINATING ORGANIZATION)
ORIGINATING ORGANIZATION, /Y £ £ /¢ /= 4‘ 12ra oL erina
DESCRIPTION OF WASTE: (Complete appucnhle parts) '--.

Liquid Solid___X_ Vo]u.me of
Radioactive: Yes__ Y No Curjes, j

Classification: Secret.

Co'nﬂdgntlal Cat [

Composition:
PPN PR L
Caplital Equipment No.

Assnchted Hazards: st ol gut £ ot ? Llet

CONTAINER: Type "2 (Fual tacks Destro save__ X
MODE OF TRANSPORTAT:ON__&W&_A,?__
APPROVAL: ,
Originator__& %ﬂm
SS Account, Rep,_ 73/én
B A PR ARV . 2 SR/ 17X

HP Rep s Y1 dane
(Signature) (Title) . (Date)

SECI'ION II - (TO BE COMPLETED BY IDO S8 MATERIALS SECTION IF SS MATERIALS
ARE INVOLVED IN DISPOSAL OPERA.TIQN }

Authorization Number. .

S
(Signature) © (Title} (Date)
SECTION III'- (TO BE COMPLETED BY IDO HEALTH AND SAFETY DIVISION)
Tonod Z2b (s0piride -

o,

Method of Disposal:
Prescribed Precautions: - Tade - . ~

' -@ﬁlé_ﬁifml__&;@ada—_ '. 2 Wik ol W
APPROV. ngh ‘9’»" , ICZ /Z/.'_ /

Site Survey
" Analytical Branch
S&FP Branch

Disposal was made by means of.

at
(Locatl

141

Mr/hr at container wﬁace_LA_‘u;&__at one 'meter .5 I
SS Material Type_(/ 23¥ ____ Amount: Nﬂ.lﬂ#suuﬁ_l!o“@em' ede 257
1 I I .



D10 MSMSAL LOCATION TRERCH 27 N

o WFELE R0 10/24/42 000 13 20 '-i- ﬁw o
(R11.58)

WASTE DISPOSAL REQUEST

DESCRIPTION OF WASTE: (Complete applicable parts)
Liquid Sond_zg_vmm_g_z;»_l_’wgm

Radioacti Yes__ X No. Curies__ - /50

Mr/hr at conwuer surface_;ﬂ_-______.at one
SS Material Type_¢ 3% Amount; N

Classitication: Secret A,_p_connaenun
0

: Type /
MODE OF mwspoaunon
APPROVAL:

Originator, ¢
SS Account, Rep. .

HP Rep M

(Signature) - (Title) . ,t_ I’

(Date) ;-

ARE INVOLVED IN DISPOSAL OPERA'!'ION) 13
Authorization Numb } &

SECTIONII- (TO BE COMPLETED BY IDO SS MATERIALS SECTION IF SS MATERIALS

'L‘

(Sigrature) ™ (Title) - 1

(D(tc}

P rrind Rrr it

Method of Disposal;_"7az - %27

SECHONHI-(TOBECOMEDBYIDOHEALTHANDWD!YN }
: feﬁ"'.?

/.rl'

Prescribed Precautions: Auoc oo ofe d PP Lo -//‘ 2

e,

;4§

(Locntlon)g ) -!gr\ I B
(.Signamm) ¥

APPROV. oL R By
Site Survey Branch /( Z. '@l@. s
Analytical Branch . AL T4 -
S&FP Branch S A

(Signature) 1B Datah-

SECTION IV - (TO BE COMPLETED BY PERSON WITNESSING DISFX i ![ i
Disposal was made by means A : i B
at Y!:d‘u - on_ 2Bl i .

142



NRFa18 3A0 11729762 800 150 %0

ID-1M  DISPISAL LGCATION: YRENCH 77

ORIGINATING ORGANIZATION

DESCRIPTION OF WASTE: {(Complete mﬂable plrh):

Liquid_______Snlid__{__anumg_ﬂ_#‘_We&ht

dloactive: Yes Curies = /&0, -
Mr/hr at container mrf-m /5'0
oL

SS Material Type_4£ ° A NM&HA%'DI
3 Classification: - Conﬂamﬁu_c-tmry' I__:Eﬁ_'l.m i

_ . . Caphal Equipment No.-
Associated Hazards:, y

APPROVAL:
SS Account. H.ep

HP Rzp
(smnature) ('nth) :

SECTION I - (TO BE COMPLETED BY IDO SS MATERIAIS SEC
ARE INVOLVED IN DISPOSAL OPERA’I'ION) i

Authorization Number. "‘ ' l
. .d L
(B!gmture) * ('m\e) _‘ ‘i

H

SECTION II - (TOBECOMPLEI'EDBYIDO HEALTI}ANTI

Prescribed Precautions: ! 2 = Eon
y y v/ i R 1 b
APFROVAL: ; : I T 2 -4
Site Survey Branch D
Analytical B ! " i i L
S&FP B " " : . -} 3

Disponlmmdehymum
- at - oY ‘
., (Location) - i) A ’

P
~{B Iy

Lil dit
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WRFEIR 3R0 04/08/44 1 100 3

S e

nmmnu rmu R Yy ;

ID-110 > .- - ECRTRSY cusx
R ]243 03461 JITHOR

(R11-58) WASTE DISPOSA 5—-.2_,’.’{59?2‘“0"

SECTION I - (TO BE COMPLETED BY ORIGINATING ORGANIZATION)

ORIGINATING ORGANIZATION ___ NRP S0P OFERITIOMS . _ ;
DESCRIPTION OF WASTE: (Complete applicable parts)  JERS The warte eunteiser Ly

i : ICeS0 304 drimy Drmm
Liquld_.___soﬂd__x___.Vohmzda?;A__ F Welthi3,5 galien shoarbed-saste,—
Radloactive: Yes__y _ No 1S, o

Mr/hr at container surface prLE at one meter. ol

SS Material Typ A t: Net, : -
Classification: Secret_______( uaL___Qltegory 1 I mx_-
Compasition:. < e )

Associated Hazards:__pIxgce RADGACION-AND-CONT GRS -SMEAD- 27 SPIEE B —

SECTION XII - {TO BE COMPLETER BY IDO 8S MATERIALS SECTION IF SS MATERIALS
ARE INVOLVED IN DISPOSAL OPERATION)

M _--(Efi:mture) W (Title) ()
. &"3'“ .

SECTION I - (TOBE-Q)MPLETBDBYIDO HEAL‘I'I-IANDSAFETYDIV"IEIO‘N) P
- RE =

Jlo. ]

APPROV.
(Signature) J (Date)
SECTION - (TO BE COMPLETED BY PERSON WITNESSING DISPOSAL
Dhi was made by means of _\, /J)m 2 ib‘ ’-L :
a 4 2 on_Ga T— lanﬁ""!-
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WFLLR SR 06/04/43 020 3000 400
DISPOSAL LOCATION: TREMCH 3

FORM 1D = (10 U, 8. ATOMIC KNERGY cnuuuuau: - ,'i } .n:r}uu'cxi
(11=04) IDAMO OPERATIONS OFFIGE A , mwmncé-v '
WASTE DISPOSAL REQUEST AND Aumomu-nogq (I S P
SECTION | F e o
TeF (PP Ple T
ORIGINATING ORGANIZATION £ uls ’ Uor
DESCRIFPTION OF WASTE: (ORIGINATING ORGANIZATION COMPLETE o\n-umu I-An'rs){ il
wauio 3 souio [ voLuME WEIGUT .
naptoacTiver  ves [X] NO D curizs ]
MR/HR AT GONTAINER SyRFACE Yo N
COMPOBITION: e
d 5 3 L A SN
i
ASSOSIATER HAZARDS
] l‘ i A ) B,
28 MATERIAL TYPC AMOUNTI NET . 1soTORK .~ 7-")‘"‘5" '
cLassiricATion: seemer (]~ conriomnman ] + eATEGORYL ' | ‘l_' . 'Im.’_.'_j" { K
CAPITAL KQUIPMENT NO, - - NO, - - ! Pl
CONTAINER: m.%quﬂﬂ svlh, b | §
MODE OF TRANSPORTATION T l’ H M
N . - st T :_ . itk B
APPROVAL: ! " A
| . .o

omisiNATOR . i h .
- . 7
AR, i 'kiﬁf

o - 1
;ATITLE) “f; TR

B3 ACCOUNT. REP, :
HP REP,

[

™

(IIIIMATUII)

SECTION Il - (TO BE COMALETED 3V ID B8 MATERIALS prrican; eul..v ;r
ARE INVOLVED) - i

AUTHORIZATION e A-‘!: aslte

(SIGNATURK) -1 & CPITLE)S . o 0 .

SECTION 1l - tror usk oF (6 HEALTN AND SAFETY.OIVISION) 1},
i T
METHOD OF DIsrOSALs TAENCH [] mr[J oTHER — -
en 10N81 - —— T
APPROVAL: . s i
WASTR ., . =
. (§1GRATURE) EYN
ANALYTICAL 8N, P
(SIGNATURK) o st
HAZAROS GONTAOL BN, e
. ({BIGNATURE) | YR

SECTION IV - (ro sx comprLxTED 8V

OISFOBAL, WAS MADE BY MEANS OF.
AT #+ 6

LOCATION) *
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NREES SRO 0&/2647 820 160 ¢,
@ Belt T E"'/\S—O

FORM D ~ 110 U. 8, ATOMIC ENERGY COMMISSION ’ REFERENCE
(11 —84> IDARO QOPERATIONS OFFICE 10M 0300 =7

WASTE DISPOSAL, REQUEST AND AUTHORIZATION -

SECTION 1
’ NRTS-NRF-ECF-OPERATIONS

ORIGINATING ORGANIZATION
DESCRIPTION OF WASTE: (ORIGINATING ORGANIZATION COMPLETE APPLICABLE PARTS)

wrauto [J son.mm v:?;uux _&EE'_L“"_'_ WEIGHT 125 1bs.
RADI0A, -rw:. O ,.Jum:s 70 Z -
Mn/u & co':-?f RFAGE MML AT ONE METER T
COMPOSITIONS a_ ha. in~-
on in Ly
ASSOCIATED HAZARDS
ill. : . . ]
ss marcmiac Tvez JBLUrAl  amounts nev ._“J_Lg%gm. lSOTOP"_‘_‘EB_L%w .
CLASSIFICATION: sECRET [] conripEnTIAL [ CATEGORY: 1 Mo,
CAPITAL EQUIPMENT NO, DISPOSAL NO,

CONTAINER: vvex _Lead and steel cask ocstrov []  savz K]

MODE OF TRANSPORTATION _ NG truck. > :
éﬁ@ e . «

APPROVAL: YR7e7Y - Dars A

Sccpom ELFCP W é-u/c_a'/‘

ORIGINATOR

M;—g# 4/_‘; 4 ' (TITLE)

SECTION I} -~ (ro BE COMPLETED BY 1D 83 MATERIALS OFFICER ONLY |F B5 MATERIALS.
ARE INVOLVED) #

AUTHORIZATION NUMBER

(SIGNATURE} (riTLE) R (DATE)

SECTION. 11l - (For USE OF 10 HEALTH AND SAFETY DIVISION)

METHOD OF DISFOSAL: TRENCH [ " ey d oTHER . -
PRESCRIBEP PRE ITIONS:
»” e e &
T . CFr— &1 ﬁ?«ag. ;
7 .
APPROVAL: p (
5/?7/4 o

(SIGNATURE) /pJAT://

‘WASTE MANAGEMENT BR.

ANALYTICAL BR,

(SIGNATURE) . (oATE)

HAZARDS CONTROL 2R,

{BIGNATURE) . (DATE)

-SECTlON AV - tro Bz compLETED sv PeRson WITNESSING DISFOSAL)

. DISPQIAL WAS MAGE BY MEANS OF i Jtﬁk'f‘--ﬁz 45—
+ 65

o (Locxraou) (DATE)
M {223-47

{SIGNATURE) (DATE)
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WFELT BRD 06/10/48 850 125 13 o

TION:  TREXCK 47 e i

BISPOSAL LOCATION: 1243 08463 ,“. !
e

. B S—
gl J

FORM ID =110 U. 8, ATOMIC ENERGY COMMISSION NEFERENCK
_("-“) IDAHO OPERATIONS OFFIGE t1OM 0§00 =7

WASTE DISPOSAL REQUEST AND AUTHORIZATION = 63—'}

SECTION |
ORIGINATING ORGANIZATION __ECR UATRR PITS, SCOUILIE IDANQ

DESCRIPTION OF WASTE: (ORIGINATING ORGANIZATION COMPLETK APPLICABLE PARTS)

wavio [J sowo voLumE ____1.5_,,_;;,____ wetanr 26,000 lba.

naptoacTivey  ves £ wo [J- cunigs

MR/HR AT CONTAINER L AS AT ong mrTEn L5

composITION: Mmmmmm.__

AN # 0381, M MTSC CORE HARILUARE

ABSOCIATED HAZARDS W
Bach_Bundle contains KG Natural oBu2

ss maTEniaL Tvex NATIRAL __ A L NET IsoroeE

cLASSIFICATION: sSzoreT [ conrioxnTiaL [ CATESORY: |1l IV

CAPITAL zauirMENT Mo, — DA : wo, E=/2.8”

CONTAINER: vvexe _SCRAP QASK ~  __ __ _ oxsveov [J save [
MODE OF TRANSPORTATION :

APPROVAL.:

ORIGINATOR ¢

88 ACCOUNT, ]

HP REP, Vs al?l Al
{rITLE) (DATE)

SECTION [l - (10 BE COMPLETED BY 10 88 MATERIALS OFFICER ONLY |F 88 MATERIALS
ARE INVOLVED) |
AUTHOR]IZATION NUMBER

(S1GNATURE) (FITLE) (DATE)

SECTION IIl - (rom uUSE OF 1D HEALTH AND BAFETY DIVISION)

METHOD OF DISPOSAL: -m:ucuﬁ mr [J orHER

o e e dad J'I:pj”

APPROVAL: .~
Ly 4o gy &, /
(IIOMTUHC)

AMALYTICAL BN,

e {SIGNATURK)

HAZARDS CONTROL BR.

(BIBNATURE) (DATK)
SECTION IV - (ro sx compLzvEn ay wir 9
OISFOSAL WAS MADK BY or, i
Avm.d—* o7 lotls uu_é:“.____
j DATE)

{LOCATION)
B Phat  _besg b
{SIGMNATURKE) (BDATE)
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W/M

NRFA1S SRO 04/19/68 210 150 40

" .[.Eﬁ"‘ eG4 . . 8,-ATOMIC ENERGY conm'lsnlon | RerEnEnce
(11 -04) IDAND OPERATIONS OFFIC tOM o0 =7
WASTE] DISPOSAL REQUEST AND Amlz’«'ﬂm = Jo -

SECTION |

ORIGINATING ORGANRZATION ___ECF WATER PITS, SCOVI
DESCRIPTION OF WABSTE: (ORIGINATING ORGANIZATION COMPLETE AFPLICARLE PAATS)

wiaus [J sown [ voiume 16 Gubin Feak WIICH‘I’—%M
200 conss, (e o £ ATl A

RADIOACTIVE:  YES wo curiEs s10)
el AT ONE METERN

M‘/M AT CONTAINER SURFACE
COMPOBITIONS
D -

Al BOCIATED HAZARDS .

S8 MATERIAL T”‘_EM— T NET 18OTOPE
cLa tCATION: r (0 conripanTiAL [ CATEGORYS 1o 11 ¥R
CAPITAL EGUIPMENT NO, A NoO. -
CONTAINER: rve« _SCRAP CASK pxstrov [] save K3
MODE OF TRANSPORTATION __INC TRICK
APPROVAL: Y2 QW‘%M ENGINEER 6-19 67

ORIGINATOR 4 ——SUTFT ENGINEFR. | e
88 ACCOUNT B Banerrs e BEK RS WA WG G AN
— 6-19-68

TITLE (bATE) .

HP REP,

SECTION Il -~ (TO BE COMPLETED BY ID B8 MATEAIALS OFFICER ONLY IF S8 MATERIALS
ARE INVOLVED)

AUTHORIZATION

(818NATURK) fTITLE) {DATR)

SECTION 1l - (ror UBK OF ID NEALTH AND SAPETY DIVISION)

METHOD OF DIsSrOSAL: TaEncH [] mr [ orHER
nxo 1onss
APPROVAL.:
WASTE > s,
= (S1IGNATURK) BATT)
ANALYTICAL BR.
(SIGNATURK) (DATE)
HAZARDS CONTROL 8R.
(S10NATURK) (DATE)
SECTION IV ~ (ro sx compLETED 8Y wIT

m-!-o‘;:ﬁ. ¥A. MADE BY Ans o 7!:{1!‘—; lﬁ - 41

. [{ » 3 — “::T(Z’A?‘I’:) ﬁ
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a(

'c

WFLI8 5RO 04/20/48 900 2000 43¢

MSPOSAL LOCATION: Tneacy 47

S, ATOMIC ENERGY eoﬁuinsnen REFERENEE
tDAHO OPRRATIONS OFFICE VOM 0390 ~ 7

WASTE DISPOSAL REQUEST AND AUTHORIZATION &5 //’ /]

FORM 1D =130 u,
(1 —-Ga)

!

SECTION |
ORIGINATING ORGANIZATION __ECF WATER PITS, SCCYIT.LE, IDAHO

DESCRIPTION OF WASTE: (OniGINATING ORGANIZATION COMPLETE APPLICABLE PARTS)

A.__ wiaute [ souin K& vorume __16_Cubin Faat WEIGHT 2b 00 Jks,
ch. maD1oACTIVE)  YES (=3 no [J. cunies 1,2 curizs of Fuel)
N

o .

"_/ MN/HR AT CONTAINUR SUNFACE A0 | AT ONE METER ___ 50
) composition: . SCRP TISERT # 70 CONTATITY L _JEDLES ar CLEB

ASSOCIATED HAZARDS . AL ) ; P SPILIED,

ROLES COYTATH 15, Bl KG NATURAL Oh e n.-?'lﬁ "2.555 P

s maTEmIAL TyPe —ATIRAL __ amounTt: Net 150TORR
CLASSIFICATION: SECRET D CONWIDENTIAL g CATEGORY: | 1] - 11t
CA"TA“— EQUIPFMENT NO. NA L NO,
CONTAINER: tvee SGRAL LSERT ___________ oeereov [] save G}
MODE OF TRANSPORTATION _____LiC TRUCK - .
APPROVAL: SAFIETS SYIFT E¥GIIECR 6=20-6 8
/ d

SHIFT BHGINETR 62068
ORIGINATOR 1 R LER =

S ACCOUN i\ P 1| &
. 7 = : RAD=CCH_TECH 6=20-(8

HP REP, >
(SIENRATURE) R (TITLE) {DATE)

SECTION I - (-ra B COMPLETED BY ID $5 MATERIALS OFFICER ONLY IF 38 MATERIALS
AE (NVOLVED) .

AUTHORNI ZATION

(SIGNATURE) (TITLE) (oATEY

SECTION Il — (Om USE OF ID HEALTH AND SAFETY DIVISION)

METHOD OF DIsmosAL: TREncH [] mm [ oTHER
PRESCAIBED PRECAUTIONS:

APPROVAL;
WASTE ’ (LN
- {SIGNATURE) (DATE)
ANAI..VTICAI.. an. =~
(SIGNATURE) . (DATE)
HAZARDS CONTROL SR. .
(SIGNATURE) (BATE)

SECTION IV - (70 nE COMPLETED nv PEIRBON WITNESSLY
- Terch - f‘7

"TWU' MADE BY MEANS OF

) T W [T

tslam\'ruun
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WRFALE SRO 04/24/68 120 4008 230
BISPOSAL LOCATION: TRENCH 47 ) .
1243 i 08463 %l

FORM 1D - 210 Y. .. ATOMIC ENERGY co“Ml..l'ﬂN i Rl'l‘ltuﬂ
{11 -04) DAMNO OPERATIONS OFFICE - IOM 00 =7
WASTE DISPOSAL REQUEST AND AUTHOR]ZH]ON - [/;
SECTION |
ORIGINATING oraanizaTio_ECF WATER £'ts, Scouitd

DESCRIPTION OF WASTE: (oriGINATING ORGANIZATION COMPLETE APPLICABLE PAATS).

Ut o voLuUM _lé-ca—ﬂs—_ wj IDWW.
weuo [J » u? LUME L 23 -

RADICACTIVE!  YES Nno O ,, CURIES
MR/HR AT CONTAINER lum-Act 3

2

38 MATERIAL TYP@UUTORAL, A Ti N&T 1soTorE

cLassiricaTion: secnsT ] conrpenTiAL [ CATREGORYT b M O

CAPITAL T NO. IVQ
CONTAINER: tves _SSrAL CASK
MODE OF TRANSPORTATION TN TRuc

APPROVAL.: SAFETY @ M & G-2v-6F
a!g%na,. 2 S G-2N~68

z-rnw D save

CRIGINAT
88 ACCOUNT, -\ U X €= D
HPF REP,

{TITLE) (DAYE)

BIGNATURK)

SECTION Il - {TO BK COMPLETAD BY 1D 88 MATERIALS OFFIGER ONLY IF 88 MATENIALS
RE INVOLVER)

AUTHORIZATION

(BIGNATURE) ) (DATE)

SECTION [l - tron usSE OF 1D HEALTH AND SAFETY DIVISION)

METHOD OF DIBPOSAL: TRENGH [] mr ] orTHER
PRESCRISED PRECAUTIONS]

APPROVAL:, .
wASTE = | L T
et (SI1GNATURK) {DAYE)
ANALYTICAL SR,
{SIGNATURK) (DATK)
HAZAROS CONTROL BR,
(BIGNATURE) (DATE)

SECTION IV - (To RE COMPLETED BY PERASON WITKESSING DISPOSAL)
Taenew No.4y

DISPOSAL WAS MADE SY MEANS QF

ar_ S A ow : : on
(LOCATION) (BDATE)

SIGNATURK) TE)
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WELS RO 04/23/68 D00 2000 200 : g
18POSL LOCATION:  TRENCH 47 1243 | ¢ 08483 é :

FORM 10 — 110 U, 8, ATOMIC ENERGY COMMISSION REFERENCE
(1 -62) . IDAHO OPERATIONS OFFIC DM o =7

WASTE DISPOSAL REQUEST AND AUTHORIZATION E-1f

SECTION |
ORIGINATING ORGANIZATION 0
DESCRIPTION OF WASTE: (ORIGINATING ORGANIZATION COMPLETE APPLICABLE PARTS}

wauio ] sowio [B) voLume 26 CIl FTa w:lsu'r
mapicacrives  ves [J P cunixs
MR/HR AT CONTAINER Sunrack 2800 AT ONE METER “Locs

TWO PWR ROD '

COMPOSITION?

ABBOCIATED HAZARDS

" -2 2 Pu
$8 MATERIAL TYPE T NET 1soToPK )
cLassimicaTion: szorer [] Avtonrenriac [] P T T N TV 1] DU,
carITAL EauismEnT No, M/ »o, £-175"

CONTAINER: ~vvee____ SCRAP IKSERT ____ oxsveov [] save [
MODE OF TRANSPORTATION ._Im.mL

APPROVAL: . Shifi dupin é-3¢-¢2
SAFETT sheft Spr-. C-a25¢c¥
i D b a6t

B85 AGCOUNT. . v ;
HP REP, C2eGp |
TURK) . (-n'ru.) (DATE)

SECTION 11 - (TC BE COMPLETED BY ID B8 MATERIALS OFFICER ONLY IF BS MATERIALS
ANK INVOLVED)
AUTHORIZATION NUMBEN

{SI1ONATURE) . fPITLE) (DATE)

SECTION Bl - (ron USE OF ID HEALTH AND BAFETY DIVISION)

METHOG OF DISROSAL: TRENGH [] mr [ oTrEn
KD sTIoNS -
APPROVAL.:
wASTE (L -
(SIGNATURE) - BATEY
ANALYTIGAL BR.
(BIGNATURE) (DATE)
HAZARDS CONTROL BR.
(S)GRATURK) {DATEY

SECTION IV - (ro sc =o;apnz_?:n -y wiT %Y
. N N 0T N o

DIBPOSAL WAS MADE BY MEANS OF.
AT Lo on
(LOCATION) 3 . DATE. .
J o Y P e ¥
TE)

(BIGNATURK)
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‘Attachment 5

152



This Page Intentionally Left Blank

153



TG y9r) nd
a__zs:.a%m (swb SW szl . gy eseMpiey 8103 %m_E pue 1geg pue .umwaa
'S'S Jo) peubis $aA bt yousrl | (B) 89'1E) N 006 | Jupwiszi | 000'9Z | p 9L B ] A selpung MMd Builrejuoo egj pesu) deog | S0LAM3BS | 89/0L/9
RqeIuNca0Y B S nd JITITNY TRUIEIUGS [081S SSO|UIEIS PepuEq
'S'S 10} paubis SaA Shit wues) | (wB 089'2) oo 04 | Jwnu ooy 74} P9 B | A © U1 Spoy |and ¥Md PapUedX3 yoe3 0z | 0S1OMILY | £9/92/9
lIGejuno39e WbG0) Nd YW 00F Spo1 4Md ¢ 'sexoq
'S'S o} paubis SOA 9E# Youesl (63 65°1) 2N €l MM E N 9 ¥eo | A Pus ‘sduis Jeem 'SjuBUOdWOD 8100 PajEIPe| o8 S9/%/9
i skep 0zl
(sw6 81°0) ..,N . < POI00O POJ YMdJ “SNINOJULIBA Ul PegUOSqe
“Aiiqejuncooe (swib Gz'1) wﬂzm ypu g HE [EOIEW SS PaNOSSIP uoled §'Z Buieuc
'S'S Jo) paubis S\ ye# youolt | (swb ggez) ...N 09 | Jypw QOt N | eOSL A $0E 96-001 "99ds wrup uojieb G| suQ €S9 | vorgess
W Z°Z) N
Amgeyunoooe (8B 58°2) pNd Jyw og j¥sed sspioq Ajod pei(y ejnonueA
'S'S Joj peublig S9A 128 wuesy | (swb gggl e n 051 | Jupw gL N S0 peen | A ) paquosge (g) SPOY 19N WM PBAIOSSIA 28e | zo/eziil
BWEZZ) o1
Aqejunoose (Swb 68°2) ;N Jupw o ssed *se[oq pajfy INouLIEA
'S'S Joj paubis SaA sz wouet | (SWB 6o0) 4N 0S1 | Jwnwogy N S0 peal | A uf paquosqe (jend) pos YMd (G) PeAjessiq S9E | Z9rveiol
SWB £5) ,N
Ageunooe ) (swBz'2) .Nd yseD yasyy .
'S'S Joj paubls SoA ozt wuall | (swb 9651) 0 98 | Mpwegy N 50 peal ] A [EUNq Ut pauIEJUOD SPOJ [9N) WM PIOS (2t) \ee | zorem
TSWB 12°1) ¢, j
Amgeiunosoe (W6 9£°2) 4,Nd %sed Salioq pejlY SlENOULIBA
'$'S Joj paufils S9A 9zit wouany | (5B zeeh g 02y | dupwgzy N S0 peat | A Ut PRGIOSqE SpoJ 18N (v) WA PEAOSSIQ 0gE | zors
126-0-33UN#
J9)13) pencidde
sjlasaw
niey soers (sWb 1Z°2) ,N ;
fiqejunooe (swb 96°7) ,.,Nd Gz ASED SO[I0q Pajy sjNoULBA
'S'S Jo) paubig sax 9z# Youaut | (swBgog) N 05} | suwmw sz | ooo'sz S0 peal | A U} PauIe|uod PaAoSSIp SpoJ ¥Md (G) 0z¢ | zoez/9
—(ub z2) -
Angeunoooe (swb g°L) E._w Ase) SeMoq Po|iy syINdLIBA
'S'S Jo) paubly SaA 9z Youeil (631 °0) g0 ¥8€ | Jupw ol | 000'9z S0 pEal | A Ut P3QI0sqE SpoJ 18nJ YMd (E) PRMOSSIQ €0€ covIs
19)em
io "1e6 ooE (swBg1'01) N .
|Iqejunoooe (swb g) . .,nd Jyiw 0GZ ASeD (oez POIBICRD)
'S’S 40) paubls SOA 9z# YouslL (B an.«n: 82 Jupd 0L | 000'92 90 peal | A Spoy 1and4 WMd (GL) sedaid 17 pliog 208 | TS
(SWB 025) 4, pesu|
Augejuncose (5w §°) ;Nd 218N Iesods|p J0) 9}liNoIULIBA Ul PaGIOsqe 155039
'S'S Joj paubig SaA oz#wualy | (swByzy) N OE| Mpwor}| 0OL L | oZweARD | A ' B0LOHE SPIA WoY SPOI MM POAIOSSI £61 L9/5i
{5WB 0Z5) 4,1 yasu|
Anngejuncooe . (sWB 6°¢) o .Nd e 1es0dSIp 10} B)|NJjULIBA U] PBQIOSAE L5509
'S'S 10; paubig S9A Oziyouasy | (swb yz'1) o.on O | Jaypwoz 0ot i | ezivenes | A '8 60LOHE SPIG WOU 5p0J YMd PBAOSSI] €61 1975y
HQBIUNOIoE [EED "esodsIp 10§ SYGIULBA Ul PaGIosqe
'S'S 10 paubls S9A 0zZ# Youall | (swb gg) .ond 0e | mpwyy N L ozueaen | A 15504 PG Wo3 SPOY WM Panjossi 91 | 1o
090
(5w $£01) ;N
(swh 4'g) ¢.,N
(SWib 8¥°2) o,Nd 1E1UCO [EJBL BpISUL ! i pagIosqy
$9A | OZ# youail «Z 08 N N ! IN| A LGG0# ‘PG WOl) SPOJ HMd PANOSSI SSb | 09/ee/it
1pI0o9y (N/A)
buiddys jo | uoneson @SI9AT (sap (PR 1eN ’ JaquInN
Y10 Adoy piey jesodsiqy sadoyjos| saund | uopeipey M oA JeuguoD | engd {pi0o®) Buiddiys uo uaaiB se) uopduosag uopisodsig ajeq
1ang WodBuiddiys pajeipelsi o) pajejey DWANY O} spiooay Buiddiys jo Arewwng
Z jo | abed

S juswyoeny

C-154



6£2-nd 6 1901
sez-n B £29

8€Z-n B 802 = (PIOS) [B10L

6£2-nd 6 122
sez-nByoy

8£Z-N B) 8y = (PaAjossiq) feloL

6€2-nd sureaB g8l
§€z-n swesd gg9

8€2-N BY ¥1Z = siejor

‘pesodsip uaaq aAey pinom GEZ-N J0 sweul g g AlZjewxoidde (gg/g yBnoiy £9/9) suawidiys seje] Joj sadojos) Jo sopes awes ayy Buisy "SEZ-N 10} 1210} B 9ABY JoU PIP Juawsdiys £9/92/9 9UL

"Pas0ds|p U33q 3ABY PINOM SEZ-N Jo Stwelb ¢ Ajsjewrosdde (g9/s uBnoI £9/9) sueusdiys Joje| se s9dojost Jo Sofe) ewes auy Buisn *SEZ-N JO) [E10) B IABY J0U PIP JuBwdiYS SO/b/9 SYL

“sjuawdiys om} 8y} Jo 140E 10} SWEIG OZG Sepnjoul B|qe] SIYL 1OBLI0S 8q O} P aJe SpIoda) 1P 8y} U] sanfea padA) saybiy jeuiBuo a ‘sjuawdiys asau

0} O US| LM Sem wniuein Jo By Q' | 18Y) SIIEDIPYY Je| JJOoRIM, AJllIGEIUNCOOR BY) BOUIS “ISYI0 81 O} SWEID OE| PUB JUBWIdYS 2UO 0} SWelb 0sE Pajedotie pue sjuswidiys omg ey} usamiag swelb
026 §O [£10) B SeM I3} 1eY) pewnsse eaey o} Jeadde Suii0) 353y} O} SUOFOSLIOD USNUMPUBH "Su0j 8y uo padA} ,'S'S, JO SWeIB 0ZG PEY Waly jo oG L9/G/Y Jo} SPI09es [eung ejesedas om aie aJey]
uadiys sjy vt pasodsip

U88q BABY PINOM SEZ- JO SWeIB Z6°0 PUE §EZ-N JO SWe.B 80Z ‘09/22/11 UO Juawdiys Jejiuis e Joj sadojos) o Sones suses Uy BUISN "GEZ-N PUE BEZ-N IO} SIEI0) 8PNIOUS JOU PIP IWBWAINS L9/21 /L BYL

DWMY oY) 0} pasodsip $2d0j0s] (€10} 94) WINS O} IPEW BI0M SUORAWNSSE BuMOli0} DY L

1S8lON
‘19)au | je s) Bupea) puoIas 8Y) BlIYM 1OBJUOD U0 sI Bujpeas Isiy 9y L (e)
(W vg) nd -
Aligeluncaoe (swBoL) ..N | (e Sy L : 99# Wasu| desng
'S'S 40} paubis SOA 8 UouasL @*ﬁds wn.._ vz | upwog | ooo'sz | POL ¥eD | A 8100 pUE Spos BN YMd 'WeS 22 | Lp1aM389 | gomvLe
: wb 0g}) nd
Angejunoooe (swB 08) o,N Jupus 0z ’ 0SP0# pue OZECH
'S'S 10) paubis SAA Sriuoualy | (B GrLE) N SEE | Jyuwioge | 000'92 | o091 ¥seg | A $91pUNg YMd 2 S uesu| dens | ypLAMISY | 89/2L/8
(w8 91) nd T E7DCE ]
Angejunooae {swb og) w2 (1ony) | sypw QoZ ‘P10 PUB 91 L0 SBIPUNG POJ YMd OM) OSTY
'S’S 10} paubig SOA Lbitwouar) | (By a%._.a mn: s Mz | 00092 | P9l AL | A “Hoya |esodsiq MGS oy aiempieH 9SIN | 811AM3B9 |  89/5e/9
¥91) nd ;
Auiqeiunoooe (swB 08) ;N | B30 [ Jupw oSz QIEMpIEY MGS IS|W PUB $0S0 PUB GO00#
'S'S 10} peubis SOA g yovai] | (By ﬁmm._,e wc: 000'9 Judy | 000'9Z | 091 ¥ | A Sajpunqg ¥Md Z Sujur 884 posu dens | £11OM3BY | S99
¥91) nd
Aqeuncoge (sw6 og) o0 | Gory) | Jupw osy SIEMPIEH "OSIN MSS PUE 89¥0# PUR vY00H
'S’S 40} peubs S8A . | irpuousul | (BY89'LE) N ory G | 00092 | 9L ¥sed | A ipung Ymd Bun Ziguesuidens | 011OM3BY | 8909
(B yop) ng BIEMPIEY
Aungejuncooe (sw6 08) ,.,;n | (1ery) Jy/nu oy . doo| pue 8109 IS pue G610 PUE 0GLOH
'S'S 0} paubls $9A Lyiuyouail | (63 89°1E) oo Ol | Jymwogy | 000’0 | Jo9L B | A SolpUNg UM Buluieuoo GG wasul dens | 80LAMIBY | 89/61/9
¢ pioday - N
Buddiys jo | uogeaoy wSIera (sap) (ph) 14en JoquinN
J84l0 Adop prey | jesodsig sadojosy seuny | uoneipey M ‘oA | seuiuo) | jeng (ps099s Butddiys uo uanib se) a sodsiq eleg

2 jo g abed
G JuswydERY

C-155



Attachment 6

156



This Page Intentionally Left Blank

157



Attachment 6

SHIPPINGPORT CORE 1 SEED FUEL AND SOAP ASSEMBLIES
TRANSFERRED TO OFF-SITE LOCATIONS OR IN ECF STORAGE

Shippingport Core 1 (PWR-1) seed fuel was primarily sent to the Idaho Chemical Processing Plant
(ICPP) for reprocessing although small quantities were also sent to other facilities. Each seed assembly
contained four subassemblies (S/A). Each subassembly contained 15 fuel elements. “Element”
quantities refer to the total mass of uranium. “Isotope” quantities refer to total mass of Uranium-235.
The serialized fuel accountability transfer transactions are referenced.

Date

6/3/60

9/11/61
o/18/61
9/20/61
o/25/61
9/28/61
9/11/61
10/4/61
10/5/61
10M11/61
10/20/61
10/25/61
10/26/61
11/1/61
11/2/61
11/3/61
1177161
11/8/61
11/9/61
2/23/62
2/23/62

2/26/62

Fuel Transferred

Transfer of 15 element samples from PWR-1
Seed Assembly 1 to Bettis.

Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfe_r of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 EWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP,
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of *t PWR-1 Seed 1 Assembly to ICPP.
fransfer of 1 PWR-1 Seed 1 Assembiy to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly ta ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to blCPP.

Transfer of 1 PWR-1 Seed 1 Assembly to ICPP

158

Quantity
54g Element 44g Isotope

17339 Element 14164 Isotope
1733g Element 1416g Isotope
1733g Element 1416g Isotope
1733g Element 1416g Isotope
17339 Element 1416g Isotope
1733g Element 14169 Isotope
1733¢g Element 1416g Isotope
1733g Element 1416g Isotope
1733g Element 14169 Isotope
1733g Element 1416g Isotope
1733g Element 1416g Isotope
1733g Element 1416g Isotope
1733g Element 1416g Isotope
17339 Element 1416g Isotope
1733g Element 1416g Isotope
1733g Element 14169 Isotope
1733g Eiement 14169 Isotope
1733g Element 1416g Isotope
1733g Element 14164 Isotope
1733g Element 14164 Isotope

1733g Element 14169 Isotope

Reference

WEI-WEB-22

- WEI-CPI-78

WEI-CPI-79
WEI-CP4-80
WELI-CPi-81

‘WEI-CPI-82

WEI-CPI-83
WEL-CPI-84
WEI-CPI-85
WEI-CPI-86
WEL-CPI-87
WEI-CPI-88
WEI-CPI-89.
WEI-CPI-90
WEI-CPI-91
WEL-CPI-92
WEI-CPI-93
WEL-CPI-94
WEI-CPI-95
WEI-CPI-100
WEI-CPI-101

WEI-CPI-102



2/27/62
3/1/62
3/2/62
3/6/62
317162
3/12/62
3/19/62
3/22/62
5/29/62
5/31/62
6/4/62
6/5/62
6/7/62
6/8/62
7/3/62
7/5/62

715162

7/9/62

7111/62
7/13/62
7/26/62
7/26/62
8/1/62
8/3/62
8/7/62
8/9/62
8/10/62

8/17/62

Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 1 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly-to ICPP.
Transfer of 1. PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to IC?PA
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR'-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.

Transfer of 1 PWR-1 Seed 2 Assembly to ICPP.

159

1733g Element 1416g Isotope
19469 Element 1539g Isotope
17339 Element 14169 Isotope
1946g Element 1539g Isotope
1846g Element 15399 Isotope
1946g Element 1539g Isotope
1946g Element 1539g Isotope
1733g Elemént 1416g Isotope
1946¢g Element 15399 Isotope
19469 Element 1539g Isotope
19469 Element 1539g Isotope
1946g Element 1539g Isctope
19469 Element 1539g Isotope
19469 Element 1539g Alsotope
1946¢ Element 1539g Isotope
1946g Element 1539g Isotope
1946g Element 1539g lsofope
1946g Elemer;i 15399 Isotope
19469 Element 1539g Isotope
19469 Element 1539g Isotope
19469 Element 15399 Isotope

19469 Element 1539g Isotope

19469 Element 1539g Isotope

19469 Element 15399 Isotope
1946g Element-15399 Isotope
19469 Element 1539g Isotope
19469 Element 1539g Isotope

1936g Element 1532g Isotope

Attachmerit 6

WEI-CPI-103
WEI-CPI-104
WEI-CPI-105
WEI-CPI-106
WEI-CPI-108
WEI-CP!-110
WEI-CPI-111
WEI-CPI-113
WEI-CPI-116
WEI-CPI-117
WEI-CPI-118
WE-I-CPI-1 19
WEI-CPI-120

WEI-CPI-121

'WEL-CPI-122

WEI-CPI-123
WEI-CPI-124
WEI-CPI-125
WEI-CPI-126
WEI-CPI-127
WEI-CPI-128
WEI-CPI-129
WEI-CPI-130
WEI-CPI-131
WEI-CPI-132
WELI-CPI-133
WEI-CPI-134

WEI-CPI-138



1/30/63
1/31/63
2/4/63

2/8/63

2/11/63
3/25/63
3/26/63

3/26/63

3/28/63
3/28/863

3/29/63
4/3/63
4/3/63

4/4/63
5/29/63
6/31/63
6/3/63

6/4/63

6/10/63
6/11/63
6/1 2!63

6/13/63
6/17/63

Transfer of 1 PWR-1 Seed 1 Assembly to ICPP. 1732g Element 1416g Isotope

Transfer of 1 PWR-1 Seed 1 Assembly to ICPP. 1733g Element 1416g Isotope

Transfer of 4 PWR-1 Seed 1 S/As to ICPP.
Transfer of 4 PWR-1 Seed 1 S/As to ICPP.
Transfer of 3 PWR-1 Seed 1 S/As to ICPP.

Transfer of 4 PWR-1 Seed 2 S/As to ICPP.

Transfer of 4 PWR-1 Seed 2 S/As to ICPP.

Transfer of 2 PWR-1 Seed 2 S/As and 16
fuel elements to ICPP.

Transfer of 3 PWR-1 Seed 2 S/As to ICPP.
Transfer of 4 PWR-1 Seed 2 S/As to ICPP.

Transfer of 15 PWR-1 Seed 1 fuel elements
and 1 PWR-1 Seed 2 fuel element to ICPP,

Transfer of 15 PWR-1 Seed 1 fuel elements
to ICPP.

Transfer of 14 PWR-1 Seed 1 fuel elements
to ICPP.

Transfer of 4 PWR-1 Seed 2 S/As to ICPP.
Transfer of 1 PWR-1 Seed 2 S/A to ICPP.
Transfer of 1 PWR-1 Seed 2 S/A to ICPP.

Transfer of 16 PWR-1 Seed 1 fuel elements
to ICPP.

Transfer of 1 PWR-1 Seed 1 S/A and
12 fuel elements to ICPP.

Transfer of PWR-1 Seed section & fuei
element to ICPP. .

Transfer of 15 PWR-1 Seed 1 fuel elements
to ICPP.

Transfer of 14 PWR-1 Seed 1 fuel elements
to ICPP. -

1733g Element 1416g Isotope
17329 Element 1416g Isotope
1299g Element 1062g Isotope
19469 Element 1539g isotope

19486g Element 1539g Isotope

1431g Element 1131g Isotope -

1459¢g Element 1154g Isotope
1946g Element 1539g Isotope

4809 Element 3769 Isotope

' 433g Element 3549 Isotope

402g Element 330g Isotope

1948g Element 1538g Isotope
4869 Element 385g Isotope
486g Element 385g Isotope

462g Element 378g Isotope
780g Element 637g Isotope
385g Element 314g Isotope
452g Element 372g Isotope

402g Element 330g Isotope

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP  1988g Element 14829 Isotope

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP. 1988g Element 14829 Isotope

160
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WEKCPI-151
WELCPI-154
WEI-CPI-158
WEI-CPI-161
WEI-CPI-165
WEI-CPI-188
WEICPI-191
WEI-CPI-195

WEI-CPJ-197
WEI-CPI-139

WEI-CPI-201
WEI-CPI-206
WEI-CPI-207

WEI-CPI-210
WEI-CPI-232
WEI-CP!-233
WEI-CPI-236

WEI-CPI-237
WEI-CPI-240
WEI-CPI-241
WEI-CPI-242

WEI-CPI-243

WEI-CPI-244



6/18/63
6/20/63
6/21/63
8/25/63
6/27/63
6/28/63
7163
7/2/63
713163
7/8/63
7/8/63
71963
7/9/63
7/10/63
7112163
7116/63
7119/63
© 7/22/63
7123063
7/23/63
8/8/63
8/9/63
8/12/63
8/14/63
2/3/64
2/4/64
2/5/64

2/6/64

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfervof 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of PWR-1 Seed 1 elements to ICPP

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.

‘Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of;1 PWR-1 Seed 3 Assembly to ICPP.
Trahsfer of 1 PWR-1 Seed 3 Assembly o ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to {CPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.
Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.

Transfer of 1 PWR-1 Seed 3 Assembly to ICPP.

161

1988g Element 1482g Isotope
1988g Element 1482g Isotope
19689 Etement 1482g Isotope
1988g Element 1482g Isotope
19889 Element 1482g Isotope
19889 Element 14829 Isotope
1988g Element 1482g Isotope
1988g Element 1482g Isotope
1988g Elerﬁent 14829 Isotope
198894 Element 14829 Isotope
1988g Element 1482g Isotope
95.86g Element ;17.919 Isotope
1988g Element 14829 Isotope
1988¢g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1483g Isotope
1988g Element 1482g Isotope
1988§ Element 1482g Isotope
1988g Elemeﬁt 1482g Isotope
1988g Element 14829 Isotope
19889 Element 1482g Isotope
1988g Element 14829 Isotope
1988¢g Element 14829 Isotope

1988g Element 14829 Isotope

Attachment 6
WEI-CPI-245
WEI-CPI-247
WEI-CPI-248
WEI-CPI-249
WEI-CPI-250
WEI-CPI-252
WEI-CPI-254
WEI-CPI-255
WEI-CP}-257
WEI-CPI-259
WEI-CPI-261
WEI-CPI-251
WEI-CPI-264
WEI-CPI-265
wabm-zgs
WEI-CPI-267
WEI-CPI-268
WEI-CPI-269
WEI-CPI-270
WEI-CPI-271
WEI-CPI-274
WEI-CPI-275
WEI-CPI-276
WEKCPI-277
WEI-CPI-284
WEI-CP|-285
WEI-CPI-286

WEI-CPI-288



2/7/64

8/28/64

8/31/64

o/1/64

9/2/64

8/2/64

4/26/65

4/30/65
5/5/65

5/20/65

5127165

6/14/65

7/30/65
1121166
1/27/66

12/2/66 .

12/0/66
12/16/66
12/30/66
116167

6/9/67

Transfer of 1 PWR-1 Seed 3 S/A to ICPP.

Transfer of 3 PWR-1 Seed 3 S/As and 8 fuel

elements to ICPP.

Transfer of 15 PWR-1 Seed 3 fuel elements

to ICPP.

Transfer of 15 PWR-1 Seed 3 fuel elements to

ICPP.

Transfer of 11 PWR-1 Seed 3 fuel elements to

ICPP.

Transfer of 13 PWR-1 Seed 3 fuel elements to

ICPP.

Transfer of 3 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 4 PWR-1 Seed 4 S/As to ICPP

Transfer of 3 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 3 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 2 PWR-1 Seed 4 assemblies
o ICPP.

Transfer of 2 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of PWR-1 Seed 3 elements to ICPP.

Transfer of PWR-1 SOAP element to ICPP.

Transfer of PWR-1 SOAP i fuel to ICPP.

Transfer of 2 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 4 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 4 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of 3 PWR-1 Seed 4 assemblies
to ICPP. -

Transfer of 2 PWR-1 Seed 4 assemblies
to ICPP.

Transfer of PWR-1 Seed 4 fuel to ICPP.

162

497g Element 370g Isotope

1725g Element 12869 isotope
438g Ele:‘nent 327g Isotope
439g Element 3269 Isotope
322g Element 2399 Isotope
380g Element 283g Isotope

6069g Element 4878g Isotope

2023g Element 1626g Isotope

60699 Element 4878g Isotope
6069g Element 4878g Isotope
40469 Element 32529 Isotope
4046g Element 3252g Isotope

175g Element 1319 Isotope

Attachment 6
WEI-CPI-289

PZB-JZA-7

PZB-JZA-8

PZB-JZA-9

PZB-JZA-10

PZB-JZA-11

PZB-JZA-39

PZB-JZA-41

PZB-JZA-42

PZB-JZA-46

PZB-JZA-48

PZB-JZA-51

PZB-JZA-58

0.114g Element 0.103g Isotope PZB-JZA-79

.097g Element .082g Isotcpe
40469 Element 3250g Isctope

80929 Element 65009 Isotope
8092g Element 65009 Isotope
6069g Element 4875g Isotope
4046g Element 3250g Isotope

10g Element 8g Isotope

PZB-JZA-79

PZB-JWA-13
PZB—JWA-M
PZB-JWA-15
PZB-JWA-16
PZB-JWA-17

PZB-JWA-34



11/17/67
7/31/69

10/31/69
11/30/69

227/70
5/28/71
716171

713171
1/24/72
172572

1126172

1727172
1/31/72
21772
2]1ﬁ2

8/17/90
N/A

N/A

Transfer of PWR-1 Seed 4 fuel to ICPP.
Transfer of PWR-1 SOAP Il Assy. To ICPP
Transfer of PWR-1 SOAP Il Assy. To ICPP

Transfer of PWR-1 SOAP Il To ICPP
Transfer of PWR-1 SOAP | To ICPP

Transfer of PWR-1 SOAP To ICPP
Transfer of PWR-1 Seed 4 To ICPP
Transfer of PWR-1 Seed 4 To ICPP
Transfer of PWR-1 Seed 4 To ICPP
Transfer of PWR-1 Seed 4 To ICPP
Transfer of PWR-1 Seed 1 S/A to ICPP

Transfer of PWR-1 Seed 1 S/A to ICPP
Transfer of 2 PWR-1 Seed 4 S/As to ICPP

Transfer of 2 PWR-1 Seed 4 S/As to ICPP
Transfer of 2 PWR-1 Seed 4 S/As to ICPP
Transfer of PWR-1 Seed 3 Assembly to ICPP
Transfer of PWR-1 Seed 2 Assembly to ICPP

Transfer of PWR-1 Seed 4 Assembly to ICPP

Attachment 6

19g Element 16g Isotope PZB-JWA-56
4869 Element 358g Isotope PZB-JWA-91
487g Element 333g Isotope PZB-JWA-94
61g Element 52g Isotope PZB-JWA-95
171g Element 103g Isotope

320g Element 274g Isotope PZB-JWA-99
1g Element 1 g Isotope PZB-JWA-116
1g Element 1 g Isotope PZB-JSA-1
1469 Element 117 g Isotope PZB-JSA-1

832.98g Element 669.50g Isotope PZB-JSA-51
433g Element 354g Isotope . PZB-JSA-52

433g Element 354g Isotbpe PZB-JSA-53

1011g Element 812.5g Isotope

1011.5g Element 812.5g Isotope PZB-JSA-54
1011.5g Element 812.5g Isotope PZB-JSA-56
1988g Element 1482g Isotope PZB-JSA-58
19469 Element 1539g Isotope PZB-JSA-5¢

2023g Element 16269 Isotope PZB-JX1-601

PWR-1 SOAP-| fuel In storage at ECF (from inventory reports): .

Enriched Uranium from PWR-1 SOAP-|

45g Element  27g Isotope

PWR-1 SOAP-2 fuel in storage at ECF (from inventory reports):

Enriched Uranium from PWR-1 SOAP-II

163

52g Element  44g Isotope



Attachment 6

Summary PWR-1 (Irradiated) Seed Fuel Transferred from NRF or in ECF Storage

Seed 1

Seed 2

Seed 3

Seed 4

Combined Seed or
Unspecified Seed
SOAP4

SOAP-I

Unspecified SOAP

Total

26 Assemblies
13 S/As

74 Elements
misc. elements

26 Assembiies
21 8/A

30 Assemblies -
1S/IA

54 Elements
misc. elements
29 Assemblies
10 S/As

misc. elements

Misc. assemblies and elements

Misc. fuel

Misc. assemblies and fuel

Misc. fuel
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52,988 g Element
43,304 g Isotope

60,801 g Element
48,087 g Isotope

61,891 g Element
46,143 g Isotope

64,734 g Element
52,015 g Isotope

4,781 g Element
3,744 g Isotope

216 g Element
130 g isotope

1,086 g Element
787 g Isotope

320 g Element
274 g Isotope

246,817 g Element
194,484 g Isotope
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Attachment 7

SHIPPINGPORT CORE 1 BLANKET FUEL (NATURAL URANIUM)

TRANSFERRED TO OFF-SITE LOCATIONS (OTHER THAN RWMC) OR IN

ECF STORAGE

Shippingport Core 1 (PWR-1) blanket fuel (natural uranium) was piimarily sent to the Hanford site for
reprocessing. Some blanket fuel was sent to NRF for testing purposes or prior to being shipped to
Hanford. In addition to the majority that was sent to Hanford, smaller quantities were sent to the Bettis-
Pittsburgh and Oak Ridge National Laboratory. The PWR-1 contained 113 blanket subassemblies.
Each subassembly contained 7 fuel bundles (total of 731). Each fuel bundle contained 120 fuel rods
(total of 84,920). *Depleted” or “Normal U" typically refers to natural uranium. Serialized transfer
transactions are given.

Date

2/19/60

4115160

5/22/61

9/27/81

1172161

12/8/61

5/25/62

8/27/62

8/31162

3/22/63

Fuel Transferred

“Transfer of 2 rods from PWR blanket bundle

#0551 to Bettis. (Values per DUQ-WEI-1)

Transfer of 2 rods from PWR blaﬁket bundle
#0551 to Bettis. (Values per DUQ-WEI-1)

Transfer of 3 rods from PWR fuel bundles to
Knolls' Atomic Power Labaratory.

Transfer of rod #110 from PWR blanket bundle
#035 to Bettis. (Values per DUQ-WEI-8) ’

Transfer.of rod #111 from PWR blanket bundle
#0545 to Bettis. (Values per DUQ-WEI-8)

Transfer of 2 rods from PWR blanket bundle
#0485 Assy #035 to Bettis.
(Values per DUQ-WEI-8)

Transfer of rod #23 from PWR blanket bundle
#0671 Assy #047 to Bettis.
(Values per DUQ-WEI-9)

Transfer of 1 fuel rod from PWR blanket bundle
0558 to Bettis. (Values per DUQ-WEI-8)

Transfer of 1 fuel rod from PWR blanket bundle
0558 to Bettis. (Values per DUQ-WEI-8)

Transfer of 3 fuel rods from irradiated PWR
blanket Assy. 041. (Per DUQ-WEI-14 values)
to Bettis.
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Quantity

62gPu
24Kg U
001 Kg U 235

B2gPu
26 KgU
.001 Kg U 235

1gPu
390 Kg U
2gU235

133 KgU
0004 Kg U 235
597g Pu

133 KgU
.0004 Kg U 235
.597g Pu

266 KgU
.0008 U 2351
192 gPu

133KgU
442 g U 235
.596 g Pu

A33KgU
442gU 235
586 g Pu

133Kg U
442 g U 235
.596 g Pu

3975 Kg U
1.2g U235
19gPu

Reference

WEI-WEB-16

WEI-WEB-19

| WESGE-11

WE!-WEB-48

WEI-WEB-52

WEI-WEB-55

WEIWEB-62

WEI-WEB-68

WEI-WEB-70

WEI-WEB-83
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WEI-WEB-107CC2

10/25/63 Transfer of 4 fuel rods ffom PWR Blanket 530 Kg U
Assy 041, Bundle 0079 to Bettis .0016 Kg U 235
(As per values from DUQ-WEI-14). 25gPu
11/19/63 Transfer of 6 PWR Rods from Assembly 50 BKgU WEI-WEB-111CC1
(Shippers values per DUQ-WEI-17 and WEB- 24gPu
WEI- 114, 170, & 172) to Bettis.
3/20/64 Transfer of 2 PWR Rods containing depleted 3KgUu WEI-WEB-118
U and Pu (Rods 2,5 from Bundle 0386) U 235 (listed as negligible)
- 1gPu
5/25/64 Transfer of 2 fuel rods from LCSR “SABRE” 3.632 Kg Depleted U WEI-WEB-124
Assembly to Bettis. (Rods 239 & 304) .02 KgU 235
(Values as per DUQ-WEI-19CC) 8.6 g Pu
2/11/66 Transfer of 8 irradiated PWR-1 Blanket Subassembly 5gPu . PZB-FZC-1
Fuel Rods to Oak Ridge National Laboratory. 1 Kg Depleted U
003 Kg U 235 »
2/18/66 Transfer of 2 PWR-1 Blanket Subassembly Rods 1gPu PZB-PZA-49
o Bettis-Pgh. " 264KgU
.001 Kg U235
3/11/66 Transfer of 2 PWR-1 Blanket Subassembly Rods 1gPu PZB-PZA-5
to Bettis-Pgh. 264 KgU
.001 Kg U235 .
4/22/66 Transfer of 54 irradiated PWR-1 Blanket Subassembly 37 g Pu PZB-PZA-54
Rods to Bettis-Pgh. ) 7KgU
.02 Kg U235
6/22/66 " Transfer of 14 irradiated PWR-1 Blanket Fuel 8218 gPu PZB-HWA-1
Subassemblies to Isochem., Inc. in Richland, Wash. 1558 Kg Normat U
In container, M-130 #10. 5 Kg U235
8/1/66 - Transfer of 16,288 irradiated PWR Core 1 Blanket . 10,382 g Pu PZB-HWA-2
Subassembly Fuel Rods to Isochem in M-130 #10. 2,139 Kg Depleted U
7Kg U235
71T Transfer of 10 irradiated PWR-1 Blanket Subassembly 7gPu - PZB-PZA-76
Rods to Bettis-Pgh. 1KgU
. U 235 (Listed as negligible)
10/27/67 Transfer of 8 irradiated PWR-1 Blanket Subassembly 6 g Pu PZB-PZA-83
Rods to Bettis-Pgh. 1KgU )
' U 235 (Listed as negligible)
713168 Transfer of 2 irradiated rods from the Sabre ‘9gPu PZB-PZA-101
Test Assembly to Bettis-Pgh. 3.64KgU
U 235 (Listed as negligible)
10/3/69 Transfer of 29 irradiated PWR-1 Blanket Subassembly 9 g Pu PZB-PZA-83
Rods to Bettis-Pgh. 4KgUu
.02 Kg U235
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2/14/74 Transfer of 47 PWR-1 Fuel Elements to Battelle, 32gPu PZB-YDZ-1
Pacific NW Laboratories. 6Kg U
U 235 (Listed as negligible)
717178 Transfer of one PWR-1 blanket rod to Bettis-Pgh. 1gPu PZB-PZA-216
A3Kgu
U 235 (Listed as negligible)
71780 Transfer of one 8-rod bundle section and one 7-rod 4gPu PZB-CAF-74
bundle section of PWR-1 blanket fuel to Battelle - 2Kg U
Memorial, Columbus, Ohio ) ) U 235 (Listed as negligible)
9/16/87 Transfer of 1 PWR-1 rod and 44 rods from SABRE 178 g Pu PZB-JXI-517
test assembly to ICPP 80.06 Kg U

In Storage at ECF

Depleted Uranium Blanket Fuel 304Kg Element
Plutonium from PWR-1 Blanket Fuel 1,227g Plutonium

Summary Core 1 Blanket Fuel Transferred from NRF or in ECF Starage

Total PWR-1 blanket fuel transferred and in ECF Storage 4,1148Kgu
20.139 Kg Plutonium
12.1 Kg U-235%

(a) The total for U-235 is not likely to be accurate due to rounding and some transfers not including U-235

amounts. The reporting quantity for U-235 in Depleted Uranium is 1 Kg. As a result, values less than 0.5
Kg were not required to be listed.
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Attachment 8

Curie Content of PWR-1 Blanket Fuel

Bettis-Pittsburgh personnel performed a detailed evaluation of existing information on the
calculated and measured burnup and radionuclide content for PWR-1 blanket fuel. This core
was designed by Bettis-Pittsburgh and analyzed anaiytically before operation. A key objective
of the core examination program at ECF was to obtain data for comparison to calculations in
order to assess the capability of analytical tools.

The parameters of most interest in the 1960's were burnup as well as uranium and plutonium
concentrations. Therefore, the reports of the day deal almost exclusively with these
parameters. In core examination programs, burnup was typicaily determined based on Cs-137
gamma measurements. Plutonium and uranium were determined based on dissolution of a
relatively small number of blanket fuel rods. The large number of fission product and actinide
radionuclides typically calculated today for environmental analyses were neither calculated nor
measured by Bettis-Pittsburgh and ECF in the 1960's. Therefore, Bettis-Pittsburgh has
performed new calculations using the Oak Ridge National Laboratory ORIGEN-S computer
code. '

Nearly all of the PWR-1 blanket fuel disposed of at RWMC was fuel that had been iradiated
throughout all four seed lives. Therefore, Bettis-Pittsburgh focused on four seed life
calculations. Thermal and fast neutron flux values from reference (a) were used as input aiong
with time information for each seed operation. Each seed was treated as one time interval in a
four time step calculation. ORIGEN-S provides output in both burnup (in MwD/Kg U) and
radionuclide concentrations (in CiflKg U). :

Bettis-Pittsburgh reports from the 1960's indicate that neutron fluxes, and therefore burnup,
varied widely within the PWR-1 core blanket. Blanket fuel closest to the seed assemblies had
higher neutron flux and higher burnup. The individual rods with the highest measured burnup
were approximately 3 times higher than the btanket average burnup. Individual rod bundles
could also have burnup approximately 2.5 times the blanket average. in addition to radial
variation within the core, the burnup of blanket bundles would vary over the seven bundle height
of individual bianket assemblies. Thus, determining the appropriate neutron flux for calculating
the curie content of the fuel disposed of at RWMC was challenging.

Most of the fuel disposed of at RWMC consisted of intact bundles. The disposal records have
bundie numbers for these intact bundies. Unfortunately specific subassembly locations have
been found for only 3 of the 12 intact bundles. Of these three subassembly locations, two were
adjacent to seed assemblies, and one was from the outer ring of the blanket. No height
information has been located for any of the bundles. Thus, it is not possible at this time to
determine how far the RWMC fuel may have differed from the blanket average. Therefore, the
calculations focused an the blanket average. Given that the core examination program needed
information from ali parts of the blanket in order to calculate overall blanket performance, there
is no reason to believe that the RWMC fuel systematically differed from the blanket average.
Assigning curie content based on the highest blanket bundle burnup would clearly overestimate
the curie content. A reasonable uncertainty for the RWMC fuel would be to assume that it could
vary from the average burnup calculation by 50 percent based on this incomplete information on
specific bundle location.

For the ORIGEN-S average burnup calculations, Bettis-Pittsburgh compared the calculated
burnup with the average burnup reported in references (b) and (c). These results agreed within
ten percent. In order to compare plutonium concentrations with plutonium measurements that

1
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were made for rods with only one and two seed lives, Bettis-Pittsburgh performed some
ORIGEN-S calculations for one and two seed lives. The ORIGEN-S calculated values for some
plutonium isotopes were higher than the measured values by a factor of approximately three.
Adjusting the flux information to force the ORIGEN-S calculated plutonium to match the
measured plutonium resulted in burnup values that did not match the measured burnup
information. Thus, it was not possible to get the ORIGEN-S program to adequately duplicate
both the burnup and the plutonium. .For these calculations, Bettis-Pittsburgh elected to slightly
adjust the ORIGEN-S input parameters so that the calculated burnup closely matched the
measured burnup and accept the fact that some isotopes of plutonium will be overestimated.
Since the burnup information is based on number of fissions, this would indicate that other
fission product concentrations should be reasonably accurate. Other actinide concentrations
are likely to be high similar to the plutonium.

Interestingly, the 1960's Bettis-Pittsburgh reports generally reported good agreement between
calculation and measurement, usually within 10 percent, for both burnup and plutonium
concentrations. These calculations used detailed core modeling and Bettis-Pittsburgh
computational methods of that era. A primary reason for the difference in results is due to the
fact that ORIGEN-S treats the fast neutron spectrum with two energy groups rather than a large
number of groups, as is usually done for core physics calculations. Even though new ORIGEN-
S do not appear to be as accurate as the detailed core model burnup and plutonium calculations
of the 1960's, it is necessary to use the new calculations to obtain the full range of
 radionuclides.

Radionuclide concentrations for various ‘isotopes are presented in the following table. These
values are for the average four seed burnup of 10.86 MwD/kg of natural uranium. Values for
one year and five years after shutdown are provided. For fission product radionuclides, these
values should be considered to have a potential uncertainty of 50% due to the uncertain core
location of disposed fuel. Due to the known overcalculation of plutonium and actinides by a
factor of approximately three, it would not be necessary or appropriate to increase the actinide
values by any uncertainty factor.
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Table 1. Activity concentrations for decayed fission products, actinides, and daughter products
in the Shippingport natural uranium blanket elements based on 10.86 MwD/kg natural U.

1 Years Decay - 5 Years Decay
Isotope Cifkg Cilkg
Ac-227 1.67E-10 4.47E-10
Am-241 1.04E-01 2.73E-01
Am-243 2.24E-04 2.24E-04
C-14 9.07E-05 9.07E-05
Cm-244 3.35E-03 2.87E-03
Cs-137 3.40E+01 3.08E+01
Eu-152 7.32E-03 5.94E-03
Eu-154 8.16E-01 5.92E-01
H-3 ) 1.48E-01 1.18E-01
-129 1.25E-05 1.25E-05
Nb-94 4.39E-08 4.39E-08
Np-237 2.55E-05 2.59E-05
Pa-231 2.32E-09 2.71E-09
Pb-210 1.65E-12 6.51E-12
Pu-238 1.14E-01 1.15E-01
Pu-239 4.25E-01 4.25E-01
Pu-240 3.71E-01 3.71E-01
Pu-241 2.91E+01 2.40E+01
Pu-242 2.45E-04 2.45E-04
Ra-226 2.49E-11 6.39E-11
Ra-228 2.10E-15 6.84E-15
Sr-90 1.99E+01 1.81E+01
Tc-99 4.78E-03 4.78E-03
Th-228 3.52E-07 8.68E-07
Th-229 6.03E-12 8.54E-12
Th-230 1.74E-08 2.77E-08
Th-232 - 9.36E-15 1.88E-14 "
U-232 7.66E-07 1.14E-06
U-233 6.90E-09 7.34E-09
U-234 2.79E-04 2.80E-04
U-235 4.53E-06 4.53E-06
U-236 4.81E-05 4.83E-05
U-238 3.29E-04 3.29E-04
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10. NR:1BO-03/100—PRELIMINARY INFORMATION REQUESTED TO
SUPPORT RWMC WASTE INVENTORY MODELING EFFORTS

N.216 P2

Department of Energy

Pittsburgh Naval Reactors Office
ldaho Branch Office
P.0O. Box 2469
Idaho Falls, Idaho 83403-2469

NR:IBO-03/100

September 2, 2003

J. G. Snook, Manager
Waste Area Group Seven
Idaho Operations 0Office, USDOE

SUBJECT: PRELIMINARY INFORMATION REQUESTED TO SUPPORT RWMC
WASTE INVENTORY MODELING EFFORTS

References; 1) EM-ER-02-213 dated December 19, 2002 Request for
Naval Reactors, Idaho Branch Office (NR/IBO)
infoxmation regarding waste inventory shipped to the
RWMC

2) NR:IB0O-03/070 dated June 11, 2003 Forwarding of
Preliminary Shippingport Fuel Review

NR/IBO, is continuing to gather and analyze information requested
by Reference (1). Based on our discussions of August 12, 2003,
preliminary information is necessary by September 2, 2003 to
support modeling efforts being performed by Bechtel BWXT Idaho.
Information requested includes the following:

* Completing the remaining irradiated fuel assessments
associated with the early cores for the S1W prototype and the
USS Nautilus and potential disposal of irradiated fuel
associated with test specimens.

* 2Assessment of the corrosion potential of irradiated metallic
fines and chips (zirconium chips).

®* Characterization of liquid-type waste forms.

¢ Assessment of the waste forms for technicium~99, iodine-129,
carbon-14, and chlorine-36.

As stated during our recent discussions, this information which
is presented in the attachment “RWMC Inventory Summary
Information”, is preliminary. Aany adjustments to the attached
information will be highlighted in the NR/IBC detailed assegsment
that will be provided at a latter date. NR/TRO recognizes that
changes to the attached will be addressed qualitatively.
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J. G. Snook -2- NR:IBO-03/100
September 2, 2003

Again, it is our expectation that NR/IBO will review and e¢oncur
on the use of its information prior to any release.

Please give me a call at 533-5294, if you have any questions,

W. R. Dixon
Naval Reactors Idaho Branch Office

Hain, DOE-ID
Joldren, BEWI

=i
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J. G. Snook NR:IBO-03/100
September 2, 2003

Attachment: RWMC Inventory Summary Information
bcc: M. Hutchison, NRF

J. Steele, NR-08R
W. R. Dixon, IBO
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ATTACHMENT TO NR:IBO-03/100

RWMC Inventory Summary Information
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Summary of Specific Radionuclides of Concern Associated with NRF Waste Streams

Waste Stream Carbon-14 Technicium-99 Iodine-129 Chlorine-36
(in Curies) (in Curies) (in Curies) (in Curies)

Shippingport Fuel 1.89B-02 9.94E+00 2.60E-03 -
(Solid)
(1960-68)

Shippingport Fuel 4_99E-04 2.62E-01 6.86E-05 -
(Dissolved)
(1960-68)

Miscellaneous 2.34E-07 2.85E-02 4.94E-05 -
Enriched Fuel
(Solid)

| (1953-71)

Miscellaneous 1.49E-07 1.83E-02 3.16E-05 -
Enriched Fuel
(Dissolved)
(1953-7))

Miscellancous 4.39E-04 2.31E-02 6.04E-05 -
Natural Fuel
(Solid)
(1953-71)

Core Structural 9.47E+01 5.19E-02 9.68E-05 4.05E-01
(1953-1997)

Zirconium Chips 3.28E+00 9.02E-05 1.73E-07 4.95E-03
(1953-75)

Liquid/APAC/Oil 2.26E+00 9.89E-03 3.96E-05 -
(1953-71D)

Sludge/Resin 3.87E+01 4,44E-02 1.78E-04 -
(1953-1971)

TOTAL 1.39E+02 1.04E+01 3.12E-03 4.10E-01
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Irradiated Fuel Assessments

The Shippingport Fuel Review was provided in NR:IB0O-03/070 dated
June 11, 2003. A review of the early S1W and USS NAUTILUS cores
has been completed. This review concludes that no significant
quantity of S1W or USS NAUTILUS spent fuel was shipped to the
RWMC. These early cores are essentially completely accounted for
and no separate source term is warranted for them. With the
exception of a few hundred grams of U-235, all the fuel is
accounted for in fuel transaction and accountability records.

The few hundred grams not specifically accounted for represents
less than 0.5% of the amount of U-235 that was in the four early
cores. This difference may be the result of rounding fuel weight
to the nearest gram associated with the hundreds of transactions
or possibly incomplete records for partial subdivided quantitiesg
of fuel sent to ICPP for reprocessing. A small amount of the
fuel may have been destructively analyzed and sent to the RWMC in
other NRF waste streams. These miscellaneous waste streams that
may have contained small amounts of fuel were separately assessed
and summarized below.

During the review of the Shippingport and SIW/NAUTILUS fuel,
several sets of records were examined to look for other potential
disposals of fuel material. Records reviewed included waste
disposal records as well as fuel accountability and transfer
records. This review found evidence that only very small amounts
of nuclear material containing irradiated enriched uranium (U~
235) were sent to the RWMC from NRF primarily during early
operations until transuranic dieposal controls were put in place
arcund 1971. Disposal records in the 1960s typically indicated
the amount of nuclear material associated with the shipment, if
it was greater than accountability requirements (0.5 grams for U-
235). Test specimens from test reactors were commonly received
at NRF. These specimens were typically sent to ICPP for fuel
reprocessing and do not provide a significant waste stream from
NRF to the RWMC. Based on the disposal recoxds that show only
small amounts of nuclear material sent to the RWMC and
accountability records that required accounting for fuel to vexry
small amounts, it is concluded that only an estimated 205 grams
of enriched U-235 was sent to the RWMC throughout NRF operations.
Of this amount, an estimated 80 grams was associated with more
mobile waste streams such as dissolved fuel or ion exchangers.
There is a 20% uncertainty factor associated with the estimated
fuel mass amounts. The curie distribution associated with the
radionuclides of concern for this small amount of U-235 disposed
to the RWMC is shown below and is estimated to have a plus or
minus 50% uncertainty based on the uncertainty in the irradiation
of this miscellanecus fuel.
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Isotope Curies (At One-Year Decay)

Ac-227 3.90E-09
Am-241 3,90E-03
Am243 . 8.37E-05
C-14 3.87E-07
Cm-244 6.73E-03
Cs-137 3.41E+02
Eu-152 1.73E-02
Eu-154 1.89E+01
H-3 1.34E+00
1-129 8.10E-05
Nb-94 1.41E-07
Np-237 1.59E-03
Pa-231 1.01E-07
Pu-238 6.15E+00
Pu-239 1.27E-02
Pu-240 3.65E-03
Pu-241 1.87E+00
Pu-242 1.29E-05
$-90 3.38E+02
Tc-99 4,68E-02
Th-228 1.55E-05
Th-229 2.89E-10
Th-23Q 2.44E-07
U-232 5.56E-05
U-233 7.01E-07
U-234 1.15E-02
U-235 1.41E-04
U-236 1.44E-03
U-238 6.15E-07

In addition, to the Shippingport natural uranium (U-238) fue
known to have been disposed to the RWMC in the 1960s, an )
additional shipment of irradiated natural uranium fuel was
disposed in 1968. This fuel was irradiated in a Naval core in
one of the prototype plants. The total quantity of this one-time
disposal was 4.845 kilograms (Kg) of U-238.. The curie content
of this material is estimated by scaling from the Shippingport
fuel using the respective weights of natural uranium. Thus the
curie content of this additional amount of uranium would be 2.3%
of the Shippingport curie content. fThe uncertainty of this
estimate is considered to be plus or minus 50% based on the
uncertainty in the irradiation of this particular material.
Also, the review identified 33.893 kilograms of unirradiated
natural uranium fuel that was disposed to the RWMC. This
material was not irradiated, but was contaminated and therefore
disposed at RWMC.
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Corrosion Potential of Irradiated Metallic Fines and Chips
(Zirconium Chips)

The corrosion rate information provided in NR:IB0-98/034 lettex
dated February 27, 1998, “Additional Information on Past and
Projected Future Radioisotope Inventory From the Naval Reactors
Facility and Comments on the Assumptions Used in the Radioactive
Waste Management Complex Performance Assessment”, should be used
for this waste stream. Zirconium, like stainless steel,
immediately forme a protective, invisible oxide film on its
surface upon exposure to air. This oxide film is composed of
zirconia (Zr0;) and is on the order of only 50 to 100 angstroms
in thickness. This ultra-thin oxide prevents the reaction of the
underlying zirconium metal with virtually any chemical reagent
under ambient conditions. The only reagent that will attack
zirconium metal at room temperature is hydrofluoric acid (HF).

HF will dissolve the thin oxide layer off of the surface of the
metal and thus allow HF to dissolve the metal itself, with the
concurrent evolution of hydrogen gas. However, it would require a
fairly concentrated solution of HF to cause this attack, which is
not typically found in significant concentrations in natural
water sources.

The size of the zirconium chips can be used to determine a
surface area-to-volume ratio. Disposal records indicated that
the maximum size of the fines were 2 mils by 15 mils by 60 mils
and the maximum size of the chips was 2 mils x 187 mils x 250
mils.. The fines were estimated in the disposal records to make
up 7% of the total zirconium chip weight.

A review of the zirconium chip waste stream from NRF to the RWMC
was performed. Zirconium chips were disposed to the RWMC between
1956 and 1875. The following table shows the estimated amount of
zirconium chips sent to the RWMC from NRF. The 13,550 pound
estimate is considered accurate within plus or minus 50%.

Year Shipments Weight
1956 25 1200
1957 15 200
1958 2 120
1959 5 300
1960 3 180
1961 8 480
1962 4 240
1963 8 480
1964 - 5 300
1965 7 1200
1966 9 3500
1967 14 3500
1968 Unknown 125
139689 Unknown 125
1970 Unknown 275
1571 Unknown 125
1972 Unknown 125
1973 Unknown 125
1974 Unknown 125
1975 Unknown 125
Totals 13,550
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The radionuclides contributing the largest curie amounts at the
time of disposal are typically those associated with relatively
short half-lives (such as cobalt-60, =zirconium-95, ecc). The
following table provides the curie amounts for potential
radioisotopes of concern associated with the zirconium chip waste
stream based on an estimated weight of 13,550 pounds sent to the
RWMC. The uncertainty associated with the curie calculations is
estimated to be plus or minus 50%.
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IsotopeTotal Curies

(@_6 month decay)
H-3 6.70E+00
Ni-63 - 4.97E-+00
C-14 3.28E+00
Cs-137 4.49E-01
Pu-241 3.13E-01
Sr-00 2.72E-01
Ni-59 3.93E-02
Pu-239 1.35E-02
Eu-154 6.57E-03
Cl-36 4.95F-03
Pu-240 4.72E-03
Nb-94 2.74E-03
Pu-238 2.37E-03
Am-241 1.78E-03
Eu-152 6.06E-04
U-232 1.67E-04
Th-228 1.17E-04
Tc-99 9.02E-05
U-233 8.79E-05
U-234 7.87E-06
U-238 7.07E-06
Cm-244 7.07E-06
Pa-231 4.44F-06
Np-237, 1.16E-06
Pu-242 9.77E-07
Am-243 7.68E-07
Ac-227 6.58E-07
U-236 6.08E-07
K-40 3.18E-07
U-235 2.00E-07
1-129 1.73E-07
Th-232 1.33E-07
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Characterization of Ligquid Waste Streams

A review of NRF waste streams containing liquid/sludge/resin from
1953 to 1971 was performed. This represented the timeframe that
the vast majority of free or stabilized liquid, =ludge, or resin
was discharged to the burial ground. The following table
provides a volume summary of the waste sent to the RWMC.

Summary of Liguid/Sludge/Resin Disposal by Year fxom NRF to RWMC

Year | Liquid/slurry | Sludge Resin APAC oil Misc,
* () (ff) (gallons) (gallons) (gallons)
(gallons)
1954 N N 75 - X -
1955 - - 40 - - -
1956 - - 20 - - -
1957 48,300 20 21 - - -
1958 38,700 - 41 - - -
1959 25,600 - 42 - - -
1960 6,000 372 52 - 55 -
1961 8,000 - 177 - 800 1,250%%
1962 10,200 108 - 110 - -
1963 12,000 72 130 5,115 2,950 -
1964 12,000 183 40 3,900 550 -
1965 - 191 260 385 1,830 -
1966 . - 734 - 5,475 900 -
1967 - 614 - - 1,225 -
1968 - 137 47 - 2,625 -
1969 - 1,435 - - 2,000 -
1970 - 445 309 - 450 -
1971 - 464 382 2,700 665 -
Totals 160,300 4,775 1,568 17,685 14,050 1,250

APAC - alkaline permanganate ammonium citrate decontamination
solution

*This included disposal that were primarily liquid with some
diatomaceous earth or slurry-type material.

**This was a one-time shipment of 1,250 gallons of nitric acid to
the RWMC acid pit.

Since most of the waste in these streams would be associated with
radioactive crud from plant systems and naval cores, a generic
crud profile was used to estimate the curies of radioisotopes
present in the waste at the time of disposal. The generic crud
profile allowed an estimate of the curies per gallon or curies
per cublc foot. The curie estimates are considered conservative
since the highest radiation readings observed in the shipping
records were used for calculation purposes. The result of this
evaluation was a total curie amount associated with a
liquid/APAC/oil waste and total curie amount for the sludge/resin
waste. This is shown below.
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The uncertainty associated with these waste streams is large
(estimated at 100%): however, because of the conservative nature
of the evaluation, the curie amounts are considered a maxirnm
amount. Carbon-14 (C-14) was not included in the generic crud
profile, since it was evaluated as part of the 1998 assessment
provided in NR:IB0-98/034 letter dated February 27, 1898, The
assessment” concluded that 41 curies of C-14 was sent to the RWMC
from NRF in waste streams other than activated metal associated
with core structural material. Assuming the entire 41 curies was
only from the ligquid/sludge/resin waste streams, which is a very
conservative assumption, an estimated 2.26 curies of C-14 would
be from the liquid waste stream and an estimated 38.7 curies of
C-14 would be from the sludge/resin waste stream.
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Radicisotope Curies Radioisotope Curies

Co-60 9.84E+02 Co-60 4.42E+03
Fe-55 1.96E+03 Fe-55 8.79E+03
Co-58 - - 3.45E+03 Co-58 1.55E+04
Cr-51 1.74E+02 Cxr-51 7.81E+02
Fe-59 1.99E+02 Fe-59 8.21E+02
2r-95 8.49E+01 2r-55 3.81E+02
Nb-85 1.87E+02 Nb-85 g.39E+C2
Mn-54 S.55E+01 Mn-54 4,30E+02
Ni-63 2.87E+02 Ni-63 1.33E+03
Ni-59 2.97E+00 Ni=-59 1.33E+01
§b-125 5.79E+00 Sb-125 4.40E+01
Te-125m 2.25E+00 Te-125m 1.01E+Q1
Nb=93m 1.48E+01 Nb=-93m 6.65E+01
Nb-94 1.98E-01 Nb-54 8.88E-01
HE-181 7.86E+01 HE-181 3.,53E+02
Te-99 9.89E-03 Te-99 4.44E-02
Zn-65 4.75E+01 Zn~65 2.13E+02
Zr=93 1.98E-03 2r=33 8.88E-03
Cs-134 1.95E-01 Cs-134 8.76E~01
Cs-137 3.958-01 Cs-137 1.77E+00
Ba=137m 3.95E-01 Ba-137m 1.77E+400
Kr-85 1.97E-02 Kx-85 8.85E-02
Sr-90 3.95E~01 Sr-%0 1.77E+00
¥-30 3.95E-01 ¥-90 1.77E+00
I-129 3.96E-0Q5 1-123 L,78E~04
Se-79 1.48E-06 Se=79 6.66E-06
Sn-126 4.45E-06 Sn-126 2.00E-05
Th-232 9.39E-10 Th-232 4.22E~039
U-232 1.48E-05 U-232 6.65E-05
Np-237 2.97E-08 Np-237 1.33E-07
Pu-238 2.47E-03 Pu~238 1.11E-02
Pu-239 3.96E-04 Pu-239 1.78E-03
Pu-240 2.47E~-04 Pu-240 1.11E-03
Pu=241 9.87E-02 Pu-241 4.43E-01
Pu-242 2.97E-06 Pu-242 1.33E-058
am-241 3.46E-03 am~241 1.55E~02
Am-242m 1.98E-05 Am-242m 8.87E-05
Am-243 2.97E~05 Am-243 1.33E-04
Cm=242 6.05E-02 Cm=242 2.72E-01
Cm-243 2.47E-05 Cm-243 1.11E-04
Cm-244 3.46E-03 Cm-244 1.55E-02
Cm=245 2.47E-07 Cm-245 1.11E-06
Ru-106 9.54E-01 Ru-106 4.28E+Q0
Ce-144 9.08E-01 Ce-144 4.07E+00
Pm-~147 3.03E-01 Pm-147 1.36E+00Q
U-233 2.67E-06 U-233 1.20E-05
U-234 2.87E-06 U=234 1.33E-05
U-235 2.08E-10 U-235 9.32E-10
U-236 1.09E-08 U-236 4.88E-08
U-238 4.85E-08 U-238 2.17E~07
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Waste Forms of C-14, Tc-99, 1-129. and CI-36

NR:IB0O-98/034 letter dated February 27, 1998 provided total curie
amounts for technetium-3%9 (Tc-99), iodine-129 (I-129), and
carbon-14 (C-14). These curie totals are applicable to the
activated metal waste stream and, in the case of C-14, other
waste streams associated with low-level waste generated from the
prototypes and ECF. The waste form of Tc-99, I-129, and C~14 in
the more mobile liquid/sludge/resin waste stream is provided in
the discussion of C-14 and the table above. While NR:IB0O-98/034
stated that the activated metal calculations were best estimate
calculations, subsequent actual measurements showed these
calculations to be conservatively high. In 2001, NRF contracted
with ANL to measure the curie content of three actual pieces of
irradiated structural material. This was done in order to
compare the results with the calculated curie content. For the
three items, the calculated curie content was higher than the
measured amount by factors of approximately 3, 7, and 40. This
effort demonstrated that the calculations performed for activated
structural material are consexvative and should be considered
upper bound estimates.

Previously, a chlorine-36 (Cl-36) source term has not been
calculated for Naval waste streams. Cl-36 1s formed from
activation of naturally occurring Cl-35. Chlorine is generally
considered to be a detrimental material in reactor coolant
systems and reactor structural material, and considerable
measures are taken to keep chlorine out of both metals and
reactor coolant systems. Thus, chlorine has generally been
assumed not to be present in Naval materials. In view of the
recent request to specifically ¢onsider Cl-36, a review was
performed of structural material specifications and actual past
measurements of chlorine content. While all of these past
measurements have not indicated any measurable chlorine content
in Naval materials, a calculation has been made fox activated
metals based on an assumed chlorine impurity of 1 part per
million (ppm) in Naval structural materials. Using the same
methods as the 1998 evaluation that included core power levelg,
various metals used in core construction, and the quantity of
activated metal sent to the RWMC, Cl-36 was calculated for some
types of materials and extrapolated for the rest of the activated
metals sent to RWMC. The total estimated curie amount calculated
for CL-36 in activeted metal is 0.41 curie. Due to the
unmeasurable amount of chlorine in reactor coolant and cxud, the
presence of Cl-36 in the more mobile ligquid/waste/resin waste
form would be negligible. Since no actual chlorine has been
measured in Naval materials, this should be considered an upper
bound estimate.
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NRFE-E-1448—CURIE CONTENT ESTIMATES FOR EXPENDED
CORE FACILITY SCRAP CASKS

Al RURUY . WUl e Wi LEl e N

W NRFE-E-1448

romm 7340EA

Westinghouse Bett1s Aowic Poer Litcratary
Electric Corporation el Beacrers Faci Uity
Enz?:lll lcaro 83403-1x8

February 27, 1989
gege édaho. énc. ) . e g
.0. Box 162 -
Idaho Falls, ID  83415-1625 (7é ¥

Attention: J. N. Davis, Manager
RWMC/SWEPP Programs

Subject: Curie Content Estimates for ECF Scrap Casks

Gentlemen:

The Expended Core Facility’s (ECF) internal audit program recently discovered
that the method used for determining the curie content estimate for scrap
cask inserts was in error. Several errors were noted, the cumulative effect
of which was the significant underestimation of the curie values for all
inserts shipped to the Radjoactive Waste Management Complex since 1976.

Previous curie content estimates were determined by taking underwater
radiation rsadings at several Tocations exterior to the insert. A model of
the insert converted these radiation readings to curie content estimates
taking in account geometry and self-shielding factors. Investigation of this
method revealed that the model did not properly account for the self-
shielding factors and did not account for several major isotopes having low

energy radiation.

The method of calculating the curie content for the 55-ton scrap cask has
been revised. The new technique is based on the radiation history of the
individual components placed into the insert rather than any measurement of
radiation. The technique is similar to the nuclear calculation methods used
to predict power levels and lifetimes for nuclear cores and has been
validated empirically.

ECF has reestimated the curie content of all radioactive waste insert
shipments made to the Radioactive Waste Management Complex since 1976. The
revised estimates correct the computational errors and account for the
additional isotopes. These estimates are based on the number of cores
received and processed at ECF during the time period in questien, which is
well known and documented data. The known modeling and isotopic omission
errors were then factored into this data resulting in the revised per
container estimate provided in Attachment I. This data is summarized on an
annual basis in the following table:

OPTIONAL FORM 89 (7-50)

FAX TRANSMITTAL  [ridmemr ;o/ —ff:’imm

(Zike ABhut [ Rudk bicslask U} JL 1301993 5
Depc/Agancy . Prone & S50 i (TS O F TR s i
1 &_05/’75 Foxt 3’5?3% __ ~‘LE:I.?.?:-:-?::I{L

193
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February 27, 1989

LEAR RIGINAL ESTIMAT REVISED ESTIMATE
OLD TYPE INSERTS
%g;g ----------------------- E'gggncnl.olqtv ..... a..lziygggog
1978, L 08T . 35,030.9 401,530,3
1979 LN ¢0esesasennass cse 3"18 lllllll '--Ilo--¢1°9,148 3
e 1980.ciiieiiiiiiinaans 1,228, 0eeennnensss vres 39,214
1981 ------------------ XXX 603 ------------- veee 19[255 8
19820 cvrienrnnnnnnnn. ORI 73 B JOUORROPRRN Y
TOTAL.enrinnnannnneenenesn 13,398,200 0cciniiiiniins 427,850.0
1983, .. ueriiininniiannennas 126.166...ccueeniacin... 41,151 7&” 29
1984-.15.0..-._ ------------- 1500171 ------------- "--3‘13998’
1985. 00 cuincinnenennnnss v 189.766. 0 cneennnns ....141,740
1986. .t senreriterennnsenns 47.4500 . ueeinnnneenn. 35,919
1987 ucverneennnnnennns eer 39.688..i.eniiiinnnaenn. 29,643
1988, e tuietaanniiannnnaans 37.3851 0 ceeiiinennanns 6,729
19891t vieneinnrennnnaans o 333iiieiiiiiinneas ___ 60
TOTAL.eueenenenen.. eeeenne 590959 .1 urerinninnen ..597,241

The approximate curie content, by percent, at the time of shipment is given
below. . The breakdown is provided for two distinct time periods based on the

makeup of the material shipped.

1SOTOPE 1976-1980 198]-1983
N1-63 ---------------- Ceervvee z%l‘/" """""""""""" 49%
Co-60...uieivenreccncnocnraans 29%. ceivevecnnreanaacnannn 32%
Fe"ss --------------- ....n--35% ----------------------- 16%
Co-58..viiiiriarerennnicennss S cvevicerunnsassansenann 3%
Sb-125. .. iiiiiiiieiraannaan ) ¥ 7 2 --
FA o 1 10%. i ciceiaccncnscactoncans -
Sn-119 ............... veevsow 5% --------------- Tsvavevees ™™
TOTAL........ Ceeererrneans 100%. .cvaennnae caesaene ...100%

Very truly yours,

e A
J. A. Bartolomucci, Manager

ECF Engineering
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Attachment
cc: T. M. Bradley [180-AB8]
. Clements ([PBF-632]
Davis {Bettis-02C)
Kaestnar [ECF1]
Kimball  [AB12]
. R. Wilkinson [WMF-613]
RF Central Files
/bls

== Na¥ o

g
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REVISED CURIE ESTIMATE - SUMMARY BY YEAR @ oo¢ | Of 1
Shipment Date Shipped orig. Est. Rev. Est.
76-001-E 13-Jan-76 159.0 5077.4
76=-010~-E 12-Feb-76 16.0 510.9
76=-011-E 16-Feb=-76 159.0 5077.4
76-012~E 17=-Fab-76 159.0 5077.4
76-013-E 18-Feb=76 239.0 7632.1
76=-014-E 20~Feb-76 120.0 3832.0
76-018-E 04-Mar-76 22.0 702.5
76—-020-E 09-Mar-76 10.0 319.3
76-044~-E 01-Jul=-76 120.0 3832.0
76=047-E 14~-Jul-76 64.0 2043.7
76=049~E 20-=Jul=-~76 6.0 191.6
76-050-E 22-Jul~-76 9.0 287.4
76=~051-E 23-Jul-76 8.0 255.5
76=-053-E 27-Jul=76 159.0 5077 .4
76-058-E 05-Aug-76 56.0 1788.3
76=-062=-E 17-Aug=76 13.0 415.1
76-063-E 19-Aug-76 40.0 1277.3
76-067-E 25-Aug-76 16.0 510.9
76=069~E 27-Aug-76 2.0 63.9
76-070~E 31-Aug-76 65.0 2075.7
76-075-E 14~-Sep-76 32.0 1021.9
76=-076~E 16-Sep-76 4.0 127.7
.76=-078~E 23~-Sep-76 5.0 159.7
76=-079—-E 27-Sep~76 4.0 127.7
76-083-E 05~-0ct~76 3.0 - 95.8
76-085~E 11-0ct-76 159.0 5077.4
76-086~-E 13-0ct~76 2.0 63.9
76=-092~E 02-Nov~76 16.0 510.9
76—094-E 08~Nov~76 159.0 5077.4
76=-097-E" 22-Nov=76 119.0 3800.1
76-102-E 09-Dec-76 319.0 10186.8
76~104-E 17-Dec-76 2.0 63.9
76=-105-E 21-Dec=76 7.0 223.5

1976 Total 2305.0 73606.5

Co-L00 (y .29 = 2 \,'54(5
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REVISED CURIE ESTIMATE - SUMMARY BY YEAR Page 2 of 11
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Shipment Date Shipped Orig. Est. Rev. Est,
77-006~E 25-Jan-77 24.0 766.4
77-007-E 26-Jan=77 22.0 702.5
77-012-E 07-Feb-77 13.0 415.1
77-013~-E -09-Feb~-77 54.0 1724 .4
77-018-E 15-Feb~77 239.0 7632.1
77-021-E 21-Feb=77 42.0 1341.2
77-022-E 22~Feb=77 15.0 479.0
77-023-E 23-Feb-77 65.0 2075.7
77-024-E 25-Feb=77 8.0 255.5
77-027-E 08-Mar-77 22.0 702.5
77=-028+~E 09-Mar-77 159.0 5077.4
77-030-E 14-Maxr-77 32.0 1021.9
77-033-E 16-Mar=77 117.0 3736.2
77-036-E 17-Mar-77 159.0 5077.4
77-044-E 23-Mar-77 3.0 85.8
77-052=-E 28-Mar-77 22.0 702.5
77-060-E 31-Mar=77 2.0 63.9
77-068~E 04-Apr—77 32.0 1021.9
77-077-E 07-Apr-77 22.0 702.5
77-080-E 14-Apr-77 22.0 702.5
77-084-E 21-Apr-77 43.0 1373.1
77-086~E 25-Apr-77 797.0 25450.9
77-087-E . 27-Apr=77 1.0 31.9
77-088-E 28~-Apr~77 2.0 63.9
77-089~E 03-May=77 22.0 702.5
77-091-E 11-May-77 38.0 1213.5
77-083=E 16-May=77 239.0 7632.1
77-094~E 19~-May~77 3.0 95.8
77-097=E 24-May-77 16.0 510.9
77-101-E 07-Jun=-77 200.0 6386.7
77-102~E . 10=Jun~77 32.0 1021.9%
77-105-E 17-Jun=77 159.0 5077.4
77-106-E 22-Jun-77 16.0 510.9
77-107-E 24~Jun-77 24.0 766.4
77-110-E 28=Jun-77 79.0 2522.7
77-113~E 07=Jul-77 6.0 191.6
77-114~E 11-Jul=77 11.0 351.3
77-115-E 14-Jul-77 14.0 447.1
77-116=E 18~Jul=77 43.0 1373.1
77-118~E 21-Jul-77 1.0 31.%9
77-119~-E 25=Jul-77 22.0 702.5
77-120-E 28-Jul=77 3.0 95.8
77-121-E 02-Aug=77 4.0 127.7
77-122-E 05-Aug~77 17.0 542.9
77-125-E 16-Aug-77 9.0 287.4
77-126-E 18-Aug=77 22.0 702.5
© 77-129~E 24-aug~77 65.0 2075.7
77-132-E 26=-Aug=77 6.0 191.6
77-135-E 08-Sep=77 87.0 2778.2
77-138~E 12-Sep-77 130.0 4151.3
77-139-E 14-Sep=77 359.0 11464.1
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Shipment Date Shipped - Orig. Est. Rev. Est.
77-140-E 19-Sep=-77 319.0 10186.8
77-141-E. 21-Sep-77 2.0 63.9
77-143-E 23-Sep=77 43.0 1373.1
77-148-E 18-0¢ct-77 160.0 5108.3
77-154~E 28-0ct=77 143.0 4566.5
77-158-~E 04-Nov=~77 32.0 1021.9
77-160-E 22=Nov=77 158.0 5077.4
77-161~E 28~Nov=77 97.0 30987.5
77-163-E 0l-Dec-77 1.0 31.9
77-164~E 07-Dec=77 15.0 475.0
77-165-E 12-Dec-77 11.0 351.3
1977 Total 4526.0 144530.5
g Co=toilx.2a = “iaid)
78-013~E Q03-Mar-78 2.0 63.9.
78-021-E 17-May=-78 6.0 191.6
78-023-E 23-May-78 11.0 381.3
78-025-E 30-May-78 4.0 127.7
78-026~E Jl-May-78 1.0 31.9
78-028-E 01-Jun-78 1.0 31.9
78-031-E 05-Jun-78 54.0 1724.4
78~032-E 12-Jun=-78 2.0 63.9
78-039~E 26-Jun-78 1.0 31.9
78~043-E 11-Jul-78 1.0 31.9
78=045-E 21-Jul-78 159.0 $077.4
78~046-E 25~-Jul~78 - 5.0 159.7
78-048-E 31-Jul=-78 128.0 4087.5
78-049-E 08~Aug-78 87.0 2778.2
78-051-E 10~Aug=-78 80.0 2554.7
78-052-E 14-2Aug-78 128.0 4087.5
78-0S8~E 08-Sep~78 65.0 2075.7
78-059~E 14-Sep-78 43.0 1373.1
78-061-E 21-Sep-78 108.0 3448.8
78-062-E 25~Sep~78 2.0 63.9
78-066-E 13-0Oct-78 144.0 4598.4
78-075-E 26-Dec~78 65.0 2075.7
1978 Total 1087.0 35030.9

Co-to: (% .24 = \u‘\s‘f\>
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Shipment

79-004-E
79-006~E
79-008~E
79-015-E
79-017-E
79-040-E
79-043-E
79-046~E
79-047~E
79-048~E
79-049-E
79-051~E
79-052-E
79-053=E
79~054~E
79=055-E
79-057-E
79=058-E
79-060-E
79-061-E
79-062-E
79-063-E
79~064~E
79-065-E
79-066-E
79-067-E
79-068~-E
79-070-E
79-071-E
75-074-E
79-075-E
79-076~E
79-078-E
79-080-E
79-081-E
79-~084-E
79-086~E
79-087-E
79-100-E
79-128~E
79=134-E
79-137-E
79=143~E

Date Shipped

s Ay G P B S B S s P N T Yy P S A B B P D

03-Jan-79
09-Jan~-79
17-Jan-79
13-Feb-79
19-Feb~79
07-May~-79
16-May-79
30-May~79
06=Jun—-79
12-Jun~79
15-Jun-79
18-Jun-79
21-Jun-79
26~Jun-79
26~Jun-79
27-Jun~79
29=-Jun-79
05-Jul~79
09-Jul=-79
12-Jul-79
12-Jul-79
16-Jul-79
17-Jul-79
18~Jul-79
18-~Jul-79
20-Jul-79
25=Jul~79
26~Jul-79
27=-Jul-~79
31-Jul-79
0l-Aug-79

" 02-Aug-79

03-Aug-79
06-Aug=-79
07-Aug-79
09-Aug-79
14-Aug-79
15~-Aug=-79
06-Sep=79
04~Dec~-79
13-Dec-79
18~Dec¢c-79
27-Dec~-79

1979 Total

REVISED CURIE ESTIMATE - SUMMARY BY YEAR

" Orig’ . Est .
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Page 4 of 11

Rev. ﬁst.

3065.6
1021.9
63.9
5077.4
287.4
18744.9
131.6
l884.1
3448.8
574.8
2746.3
2554.7
10186.8
63.9
127.7
766.4
479.0
1021.9
15264.2
5077.4
63.9
6099.3
3033.7
6610.2
383.2
1724.4
287.4
287.4
3448.8
191.6
702.5
159.7
223.5
2746.3
223.5
3544.6
287.4
2235.3
351.3
© 1021.9
2554.7
127.7

109148.3

Cotdi % ,26 ~ 3 \,L53)



Shipment

80-002-E
80-003-E
80-005-E
80-010-E
80-013-E
80-017~E
80-018-E
80-021-E
80-022-E
80-024-E
80-047~E
80-052-E

80-060-E

81-003-E
81-006~E
81-010~E
81-012~-E
81-019~E
81-022-E
81-028-E
81~-030-E
81-033~E
81-043~-E
81~045~E
81—-047-E
81-048~E
81-051-E
B1-054~E
81-055-F
81-057-E
81-061-E
81-073-E
81-075-E
81-077~E

Date Shipped

Y D A Y I A D Y T P D Y g A P AP G G R CP CP NP AP B S S B St ) 08 > a9

03-Jan~80
08-Jan-80
14~Jan-80
01-Feb-80
04-Mar-80
21-Mar-80

31-Mar-80

09-Apr-80
15-Apr-80
21-Apr-80
29-0ct-80
17-Nov=-80
23-Dec-80

1580 Total

22-Jan-81
29-Jan-81
11-Feb-81
14~Feb-81
07-Apr-81

09-Apr-8l-

30-Apr-81
08-May-81
19-May-81
27-Jul~-81
03-Aug-81
05-Aug-81
07-2Aug-81
17-Aug-81
20-Aug-81
24-Aug—-81
16-Sep-81

' 23-Sep=-81

09-Nov-81
16-Nov-81
0l-Dec=-81

1981 Total
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REVISED CURIE ESTIMATE - SUMMARY BY YEAR Page 5 of 11

Orig. Est. Rev. Est.
104.0 3321.1
56.0 1788.3
€5.0 2075.7
1.0 31.9
86.0 2746.3
7.0 '223.5
96.0 3065.6
120.0 3832.0
88.0 2810.1°
3.0 95.8
587.0 18744.9
13.0 415.1
2.0 63.9
1228.0 ‘ 39214.2
Co-oi(x.28 = \\372)
4.0 127.7
64.0 2043.7
32.0 1021.9
80.0 Co 2554.7
59.0 1884.1
3.0 95.8
79.0 2522.7
5.0 159.7
12.0 383.2
3.0 95.8
5.0 159.7
1.0 31.9
15.0 479.0
2.0 63.9
80.0 2554.7
5.0 159.7
80.0 2554.7
6.0 191.6
2.0 63.9
64.0 2043.7
2.0 63.9
603.0 19255.8
Com by {ye 32+ LVE2Y



Shipment

82-003~E

82-004-E
82-009~E
82-010~E
82-013-E
82-017-E
82-018-E
82-019-E
82-024-E
82-026-E
82-030-E
82~033-E

82~037-E

82-038-E
82-041-E
82-042-E
82=045-E
82-051-E
82-052-E
82-055-E
82-058~E
82-062-E
82-068~E
. 82-070~-E
82-073-E
82-075-E
82-077-E
82-078-E
82-079-E
82-081-E

DatQIShipped

O DO e 0 0 D T A 0 ey By e e B8 s et O B P B P oy By B B B P D S B P P P A B g O - ay oy e as we

13~-Jan-82
15-Jan-82
08~Feb=-82
11~Feb-82
12-Mar-82
31-Mar-82
08-Apr-82
14-Apr-82
28-Apr~82
ll-May=-82
03~-Jun-82
1ll-Jun-82
22~-Jun=-82
28-Jun-82
08-Jul-82
13~Jul-82

T 22=Jul-82

14-Aug-82
21-Aug-82
27-Aug-82
09~-Sep-~82
30-Sep~82
18-0ct-82
25=-0ct=-82
29-0ct-82
04-Nov-82
09=-Nov-82
15-Nov-82
16-Nov=-82
30~-Nov~-82

1882 Total

ﬁEVISED CURIE ESTIMATE -~ SUMMARY BY YEAR

Orig. Est.

201

Y v v em e

NRFE-E-1448
Page 6 of 11

1

Rev. gst..

6.4
351.3
510.9

12.8
83.0
274.6
16.0
415.1
19.2
12.8
542.9
95.8
19.2
57.5
6.4
12.8
702.5
31.9
22.4

2778.2°

207.6
47.9
92.6
70.3
6.4
309.8
214.0
47.9
47.9

7063.7

(owﬂ(y‘glz 12bu>



NRFE-E-1448
Page 7 of 11

202

REVISED CURIE ESTIMATE - SUMMARY BY YEAR
Shipment Date Shipped Orig. Est. Rev. Est.
110-8-81 15~-Nov-82 6.7 2185
103-8-81 24-Mar-83 0.485 158
101-8-81 12-Apr-83 20.7 6752
102-6-82 - 27-Apr-83 8.845 2885
105-8-81 18-May-83 0.509 166
106-8-81 24-May=-83 4.7 1533
108-8~-81 25=Jul-83 8.9 2903
111-9-82 27-Jul-83 3.278 lo69
107-8-81 22-Aug-83 1.049 342
119-9-82 11-0Oct-83 71 23158
1983 Total 126.166 41151
Co-teo .()( B2\ 3'\b3>
108-9-82 26~-Jan-84 29.68 67593
112-5-82 0l1l-Feb-B4. 0.37 843
116-~-9-82 13~-Feb-84 11.16 25416
118-9-82 19~-Feb-84 6.8 15486
06-83-104 09~-Mar-84 6 13664
06~83~107 l4-Mar-84 3.2 7288
105-6-82 13-Apr-84 4.62 10526
06=-83-116 17=-Apr-84 0.1 228
06~-83~105 19=-Apr-84 3.65 8312
06-83~108 24-Apr-84 3.81L 8677
06-83-111 27-Apr-84 2.89 6582
120-9-82 02-May-84 4.18 9519
103-6-82 04-May~84 6.6 15031
110~9-82 21-May-84 3.7 8426
113-9~82 24-May-84 2.89 6582
' 06—-83~112 30-May-84 3.1 7060
06-83-118 12=-Jun-84 3 6832
06-83-101 28—~Jun-84 3.52 8016
06-83~-117 03-Jul-84 0.124 282
06-83-110 09~-Jul-84 3.5 7971
06-83~114 13~-Jul-84 5.8 13209
06-83-115 18-Jul-84 4.6 10476
06-83~-109 24~Jul-84 3. 6832
06-83~119 25-Aug-84 3.465 7891
- 06-83-113 31-Aug-84 4.8% 11136
06-83-120 07-Sep-84 2,53 5762
03-84-110 l4-Sep-84 5.19 11820.
06-83-103 21-Sep-84 3.09 7037
03~-84~104 01-0ct-84 4.18 9519
03-84-107 07-0ct-84 3.66- 8335
03-84-103 31-Oct~84 3.78- 8609
03-84-106 21-Dec=-84 3.09- 7037
1984 Total 150.171 341998
o (%21 -

U EA )



Attacnment 1o
NRFE-E-1448
 REVISED CURIE ESTIMATE - SUMMARY BY YEAR Page 8 of 11

Shipment Date Shipped Oorig. Est. Rev. E?t.

104-8-81 10-Jan-85 4.788 - 3576

03=-84~109 23-Jan-85 2.98 2226
03-84~-120 14-Feb-85 4.21- 3145
115-9-82 28-Feb-85 4.832 3609

03-84-~-118 12-Mar-85 6.07 4534
03-84~119 07-May-8S 7.63- 5699
06-83-106 10~-May-85 8.86 6618
03~-84-117 20-May-85 7.47° 5579
03-84~115 23-May-85 8.42° 6289
03-84-116 28-May-85 7.7% 5759
03-84-102 31-May-85 5.22° 3899 .
03~-84-108 05-Jun-85 4.7 3511
06-83-102 10-Jun-85 7.68- 5736
03-84-113 14-Jun=85 7.87- 5878
04-85-131 18=Jun=-85 7.549- 5639
04-85-110 20~Jun-85 5.86- 4377
03-84-112 25-Jun-85. 6.45- 4818
04-85-102 28~Jun-85 5.97- 4459
102-9~82 03-Jul=-85 5.16- 3854

03-84-101 09~Jul-85 - 6.7 5004
104~6-82 23-Jul-85 6.57 4507

04-85-139 26-Jul-85 9.42 7036
04-85-137 30-Jul-85 14.61- 10913 .
04-85-140 13-Aug-85 4.67- 3488
04-85-138 19-Sep-85 5.01 3742
106-9-82 21-0ct-85 5.2- 3884

04-85-127 25-0ct~-85 3.45- 2577
03-84~111 04~Nov=-85 3.213" 2400
04-85-136 07-Nov-85 4.74 3540
04-85~107 21-Nov-85 2.36° 1763
04-85-135 27-Nov-85 0.61- 456
04-85-118 12-Dec~85 0.214 160
04-85-128 20-Dec=-85 2.94° 2196
04-85-126 27-Dec-85 0.63° 471
1985 Total 189.766 141740

Cotoat (X,'B'L“» SRS To
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NRFE-E-1448

204

REVISED CURIE ESTIMATE - SUMMARY BY YEAR Page 9 of 11
Shipment Date Shipped . orig. Est. Rev. Est.
109-9-82 15-Jan-86 0.64 478
04-85-122 21~Jan-86 3.12 2330
04-85~121 24=-Jan-86 0.314 235
04-85-130 29-Jan-86 0.889 664
04-85-125 06-Feb-86 0.132 . 99"
04~-85-133 11-Feb~86 3.36 2510
04-85-134 19-Feb-86 0.083 62-
04~-85-132 22~Apr-86 2.83 2114
04-85~120 30-Apr-86 1.077 804
04-85-124 06~May-86 0.524 sy
04-85-123 27-May~-86 10.54 7873
04-85-~104 30~Jul-86 0.422 315
11-85~114 14-Aug-86 2.24 1673
- 11-85-120 26-Sep-86 8.75 6536
04-85-119 21-0ct~86 0.613 458
11~-85-108 24-Oct-86 1.734 1295
04~-85-117 30-0ct-86 0.582 435
11-85-=115 06=-Nov—-86 3.257 2433.
11-85-112 12-Nov-86 0.56 418-
11-85-103 og-Dec~86 1.52 1135
11-85-109 12-Dec-86 3.484 2602.
04~85-109 19-Dec~86 1.419 1060
1986 Total 47.45 35919
Cotior (¥ 522 1 1Ra%)



Shipment Date Shipped
11-85~106 09=-Jan-87
04-85-105 15=-Jan-87
04-85-129 21-Jan-87
04-85-101 22=~Jan-87
11-85-102 28-Jan=87
11-85-115 30=-Jan~-87
04-85-111 09-Feb=87
11-85-101 12~-Feb-87
11-85-105 24-Feb-87
11-85-104 02-Mar-87
11-85-117 09~-Mar-87
03~84-114 12-Mar-87
11-85-111 13-Mar-87
11-85-113 24-Mar-87
07-86-109 27-Mar-87
11-85-119 31-Mar-87
-11-85-118 " 27-Jun-87
07-86-112 08-Jul-87
07-86-103 10~-Aug-87
07-86-105 26-Aug-87
07-86-115 02-Sep-87
04-85-103 11-Sep-87
07-86~102 21~Sep-87

117-5-82 13=0ct=-87
07-86-118 10-Nov~87
07-86-119 13-Nov-87
07~86~-104 23-Nov-87
04~-85-108 Ol-Dec—87
.07-86—107 04-Dec-87
04-85-113 23-Dec=87

1987 Total

205

orig. Est.

0.763
0.283
1.39
1.208
3.674
0.76
0.288
0.63
1.417
1.549
0.4078
0.1438
0.71
1.434
1.445
3.625
0.893
1.839
2.653
1.313
0.945
1.078
1‘428
0.525
1.141
0.776
0.405
1.2
5.7
0.054

© 39.6876

Co

s

BTN

1

REVISED CURIE ESTIMATE ~ SUMMARY BY YEAR

Rev.

(x.

NRFE-E~1448
Page 10 of 11

Est.

PR el £ Lo Lol A PSP AP A P P MY By e G B Gx B8 G P S B9 S B WD

570"
219°
1038
902
2744
568
215-
471
‘1058
1157
305
107
530

©1071

1079-
2708-
‘667
1374
1982
981
706
805
1067
392
852-
580
303
896

29643
272 = A4 EL)



ALLdinmen Ly
NRFE-E-1448

REVISED CURIE ESTIMATE - SUMMARY BY YEAR Page 11 of 11

Shipment Date shipped: Orig. Est. Rev. Est.
07-86-117 ll-Jan-88 2 360
07~-86-111 20~Jan-88 1.178 212
07-~-86-106 03~Feb-88 3.69 664
07-86-101 08-Feb-88 1.234 222
04-85-~112 " 10-Feb-88 0.828 149
07-86-120 12-Feb-88 3.47 ‘628
07-86-116 22-Feb-~88 2.22 400
07-86-108 26-Feb-88 3.96 713
04-85~-114 08-Mar-88 0.03 5
09-87-104 13~Jul-88 1.28 230
09-87-117 0l-Aug-B8 0.422 76
09-87-116 08~Aug-88 2.233 402-
11-85-107 12-Sep-88 0.895 161
09=-87-111 29-Nov-88 2.782 501
07-86=-113 . 02=Dec~88 - 0.021 4
09~87-=103 20-Dec~-88 11.142 2005-

1988. Total 37.385 6729

. PR {0 PR R
09-87~-123 03=-Jan~89 0.333 60
1989 Total 0.333 60

Comtor(X 222 11 )
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12. AMJ-77-95—EVALUATION OF MATERIAL AT RWMC
PREVIOUSLY IDENTIFIED AS SPENT NUCLEAR FUEL
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INE&

Idaho National Engineering Laboratory

Tuly 14, 1995

Mr. P. J. Dirkmaat

National Spent Nuclear Fuel Program
U. S. Department of Energy

Idaho Field Office

850 Energy Drive, MS-1154

Idaho Falls, ID 83401-1563

Re: Evaluation of Material at RWMC Previously Identified as Spent Nuclear Fuel - AMJ-77-95
Dear Mr. Dirkmaat:

Per your request, we have conducted an evaluation of potential spent nuclear fuel (SNF) located -
at the Sub-surface Disposal Area of the Radioactive Waste Management Complex (RWMC).

Attached is a report of a limited search that was made of the Radioactive Waste Management
Information System (RWMIS) database and the shipping manifests of material sent to the RWMC
prior to 1970. Of the 110 records identified in RWMIS as "fuel rods" or "irradiated material,”
56 have the characteristics of SNF containing a total of 124.64 kg of uranium. The attached
report indicates, as also acknowledged in the RWMIS disclaimer, that there are several coding
problems and other errors in the RWMIS database. The search reported here was not an
exhaustive search of all the shipping manifests and there is potentially additional material at the
RWMC having SNF characteristics. The research on questionable material used report EGG-
WM-10903, "A Comprehensive Inventory of Radiological and Non-Radiological Contaminants
Buried in the Sub-Surface Disposal Area of the INEL RWMC during the years 1952 - 1982,"
dated June 1994.

There are also located at the RWMC, 23 uranium bricks that were used as the outer blanket for
the EBR-1 reactor. This material apparently has had very low exposure to 2 neutron flux so it
does not meet the present definition of SNF. Because the material is already being managed
under CERCLA and it does not meet the present definition of SNF, Lockheed recommends that
it continue to be managed under CERCLA in a manner consistent with present law. If the
definition of SNF changes this issue may have to be readdressed.

= rlockheed

ldafio Technologies Company P. O. Box 1625 Idaho Falls, ID 83415

208



Mr. P. J. Dirkmaat
< July 14, 1995

AMI-77-95

Page 2

The attached report has been reviewed by LMIT technical and management personnel from both
the SNF and Environmental Restoration programs who have concurred with the conclusions.

Sincerely,

m s
9 M. Jensen, Director

National Spent Nuclear Fuel |
and Related Programs

DLF/idh

Attachment
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EVALUATION OF MATERIAL AT RWMC
PREVIOQUSLY IDENTIFIED AS SPENT NUCLEAR FUEL

A search of the Radioactive Waste Management Information System (RWMIS) was
conducted, using the key words "Irradiated fuel"” and "Fuel Rods" (schedule #
P61PM090Q; dated 06/19/95). Records of 110 shipments to the Radicactive Waste
Management Complex (RWMC) Subsurface Disposal Area (SDA) included these
descriptor. Shipping manifests of 95 of these records were found and
evaluated. An evaluation of the shipping manifests that were available and
the RWMIS information where the shipping manifests were not available was
conducted. A table, identifying the 110 RWMIS records selected, is attached.

The information contained on the shipping manifests and RWMIS printout was
reviewed, using the following criteria:

1. Uranium and/or plutonium was mentioned in the contents.

2. Contents appeared to have been irradiated in a reactor, based cn
radiation levels or Curie content.

3. Descriptions indicated that the materials could have come

originally from SNF.

These criteria are similar to the definition of spent nuclear fuel (SNF) used
in the Programmatic and INEL SNF EIS.

The results of this review showed that only 56 of the 110 shipments actually
included material that could be classified as SNF. Forty four of the
shipments cannot be classified as containing SNF by the review criteria listed.
above, and appear to have been miscoded. A spot check of the data contained
in the RWMIS printout against the shipping manifests also showed that the
information in RWMIS contains errors, as acknowledged in a disclaimer on the
RWMIS printout. In one case the uranium mass in the RWMIS data base was ten
times greater than that on the corresponding shipping manifest (shipping
manifest # 800 250 20; dated 8/12/68).

The type of wastes classified in this revxew as containing SNF includes:

analytical sample waste,

partial SNF plates,

fuel pellets,

uranium oxide powder,

reactor experiments,

dissolved fuel rods solidified with vermiculite, and

PWR rod bundles
Much of this material was packaged with non-SNF materials, such as shielding,
plastics, paper, irradiated metals, and other waste debris. The total weight
in many cases also included the weight of the container. The total mass of
uranium in the 56 shipping manifests classified as containing SNF materials
was 124.64 kg.

One shipment (shipping manifest #800 1000 300 (15)) was identified that
contained 887.8 kg of natural uranium. This was identified as 23 EBR-1
blanket bricks, 21 of which are contained in stainless steel. Core
descriptive material indicates that this material was part of the outer
blanket. The blanket contains a calculated 10.5 g of plutonium, or only 11
part per million. This indicates a very low exposure to neutron flux. Data
input for the Historical Data Task for RWMC SDA has classified the material as
low level waste containing no fission products. This evaluation also
concluded that the blanket material is not spent fuel. The basis for the
conclusion include: 1) it meets the 5280.2a definition of low level waste, 2)
it had very low exposure to a neutron flux, and 3) in comparison to other
blanket materials that are classified as spent nuclear fuel it has very low
radiocactivity and actinide content. FERMI blanket (uranium metal stainless
steel clad) is classified as SNF because it has 0.35% burnup and 191 ppm
plutonium. The EBR-1 outer blanket is significantly less than FERMI blanket.
This entry (#3) was marked as non-SNF in the table.
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13. NR:1BO-98/034—ADDITIONAL INFORMATION ON PAST AND
PROJECTED FUTURE RADIOISOTOPE INVENTORY FROM THE
NAVAL REACTORS FACILITY AND COMMENTS ON THE
ASSUMPTIONS USED IN THE RADIOACTIVE WASTE
MANAGEMENT COMPLEX PERFORMANCE ASSESSMENT
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Department of Energy

Pittsburgh Naval Reactors Office
idaho Branch Office NR:IBO-98/034

P.O. Box 2469
Idaho Fails, idaho 83403-2459

February 27, 1998

J. T. Case, Manager
Waste management Programs
|daho Operations Office, USDOE

SUBJECT: ADDITIONAL INFORMATION ON PAST AND PROJECTED FUTURE
RADIOISOTOPE INVENTORY FROM THE NAVAL REACTORS FACILITY AND
COMMENTS ON THE ASSUMPTIONS USED IN THE RADIOACTIVE WASTE
MANAGEMENT COMPLEX PERFORMANCE ASSESSMENT

(a) J. T. Case letter to T. M. Bradley, OPE-RWMC 96-068 dated
December 6, 1996

(b) NR/IBO letter NR:IBO-97/175 dated Qctober 6, 1997

(c) NR/IBO ietter NR:IBO-87/193 dated October 21, 1997

Reference

in 1994 DOE began preparing a Performance Assessment for the INEEL Radioaclive Waste
Management Complex (RWMC). The Performance Assessment was to analyze the expected
dose to the pubiic from RWMC operations from 1984 until the assumed closure of the burial
ground in 2020. A Composite Analysis is under preparation to assess the dose to the public from
past and future operations of the burial ground at RWMC, along with any associated effects from
other INEEL facilities. The Performance Assessment was completed and approved by DOE-HQ
in 1985. The Performance Assessment supported a threshold of 180 curies of Carbon-14 as the
maximum allowed to be disposed of from 1884 until closure. Te ensure meeting this limit, the
Radioactive Waste Acceptance Criteria for RWMC was changed to allow a maximum of two
curies-per-year of Carbon-14 in activated metal to be disposed of each year. The Performance
Assessment has some very conservative assumptions such as assuming corrosion rates for all
disposed materials are the same as the worst corrosion rate (i.e., taking insufficient credit for the
extended longevity of zircaloy and nickel based alioys). A more precise analysis is being done in

the Composite Anaiysis.

In support of the Composite Analysis, DOE-ID requested, in reference (a), historical information
and future projections on the radionuclide content of waste from the Naval Reactors Facility for
burial at the Radioactive Waste Management Compiex (RWMC). Until the 1990s, detailed
information on Isotope conient was not required by RWMC as a condition for disposat, and
tharefore only cobalt-60 was reported by NRF for much of this period. To perform the compaosite
analysis additional information is needed by RWMC. in references {b) and (c), NR-IBO provided
information on the content of carbon-14 and other long-iived isotopes in past waste sent from
NRF. In reference (c), NR-IBO stated that additional work was being performed to refine the
estimates of trace radionuclides and to provide information on future projections. NR-IBO aiso
committed to provide comments on the conservative assumptions used in the Performance
Assessment so that the overly conservalive assumptions are not carried over into the Composite
Analysis. This letter provides the requested radionuclide specific information and comments on

the Performance Assessment.
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NR:IBO-98/034
Joel T. Case, DOE-ID -2- February 27, 1998

d isotopes are provided in the following table for both past

e generation. The date of the cutoff between past and
October 1, 1997. The future projection overestimates what
ction includes some material that will be above the
concentration limits for RWMC acceptance. We plan to continue our ongoing wark with you 1o
allow us to determine the optimum dispesat path for this material. The material above RWMC
acceptance criteria was included in the future projection because we are still evaluating how
much material will exceed RWMC acceptance criteria from future core types for which we have
no past experience. When this evaluation is completed in a few months, | will revise the future

projection downward as appropriate.

The curies of specific requesie
shipments and projected future wast
projected future waste generation is
will actually be shipped because the proje

Nuclide To RWMC To RWMC Future
1855-10/1/97 1984-10/1/97 10/1/97-2020
C-14 in other than 4.1E+1 6.5E+0 1.2E+1

activated metal

C-14 in metal 9.8E+1 3.7E+1 : 1.2E42
129 9.7E-5 3.4E-5 52E-6
Tc-89 52E-2 1.4E-2 2.0E-2
Ni-59 2.9E+3 1.7E+43 8.3E+3
Ni-63 3.4E+5 2.2E+5 1.0E+6
K-40 4.7E-6 B.0E-7 8.3E-8
Nb-04 1.3E+1 3.7E+0 2.2E+1

d to calculate some of the radionuclide inventories listed in the
nce reference (c) was issued. Thus, some of the past

ged. These changes are not significant,
that

The precursor concentrations use
above table have been updated si
inventories for radionuclides other than C-14 have chan
however, since all radionuclides other than C-14 are a very small fraction of the amounts

might be of concern based on the performance assessment.

The calculation of curie contents in the above table should be considered as a best estimate.
The concentrations of precursor elements used in activation calculations for activated metals
were the average of the available information from actual testing, vendor certifications, and
literature sources, and thus are best estimate concentrations. The neutron fluences used in the
activation calculations are best estimate values, and thus the overall calculation is a best

estimate.

The only isotope for which the projected future inventory approaches or exceeds the inventory
limits of the performance assessment is C-14 in both activated metal and waste other than
activated metal. The derivation of the C-14 inventory limits in the RWMC-prepared Performance
Assessment was extremely conservative. The resulting RWMC C-14 inventory limits were more
than an order of magniiude lower than those calculated by Savannzh River and Hanford for the
burial grounds at those sites. | have attached a detailed discussion of some of the more
conservative assumptions. Use of more reasonable but still justifiable assumptions in the
composite analysis will result in much higher allowable C-14 inventory limits that will support the
waste shipments projected from NRF. | would like to ensure these more reasonable
assumplions will be used in the composite analysis. Please keep me informed of the progress

so that we have a chance to comment on it as it is deveioped.
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NR:IBO-88/034
Joel T. Case, DOE-ID -3- February 27, 1998

If there are any questions, please contact me at 533-5317 or Mike Kuprenas at 533-5066.

[,
M“&

T. M. Bradley, Manager \
Naval Reactors ldaho Branch Office

9]
2!

J. Mangeno, NR-08R
M. Beckett, NR-08U

H. Schmitt, NR-D8B

|. Curtis, NR-08S

J.
T.
C.
D.
J. M. Wilcynski, DOE-ID
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Attachment to
NR:1BO-98/034 dated
February 27, 1998

Evaluation of Conservative Assumptions
in the RWMC Performance Assessment

1. Comosion Rates and Release from Activated Metal

in the RWMC Performance Assessment, activated metal corrosion release was considerad to be that
which stainless steel structural material would experience in warm tropical seawater. This is the worst
possible corrosion environment for stainless steel and is not representative of long term RWMC
conditions. The following table provides a range of stainless steel comrosion data from a varisty of

environments.

Corrosion

Rafte (in/yr) Corrosion Environmen Reference

3.0E-4 Tropical seawater (&)

6.7E-5 Damp coastal sand with b)
high chlorides

2.1E-5 Maximum observed rate in (c)
NBS soil tests

1.3E-5 Poorly zerated soil with (c)

~ high chlorides

9.8E-9 Hanford seil with (d)

low chlorides

The performance assessment used the worst case corrosion numbers for stainless steel, the corrosion
rate for immersion in tropical seawater. The RWMC ciearly is not a tropical seawater environment.
RWMC should have a lesser corrosion rate because the waste would not be continuousiy immersed in
water, the average temperature would be significantly lower, and high chloride conditions should not be
present over the long term. (Even though high chioride conditions are present in some areas at
RWMC from past road sait applications, this condition should not last for the thousands of years
covered by the performance assessment analysis.) One of the mid range corrosion rates from the
above table, such as the maximum rate observed in NBS soil testing, would appear to be more suitable
for RWMC. This would be consistent with the Savannah River Site performance assessment, which

assumed a corosion rate of 2E-5 inch/yr {reference ().

2. j S Corrosi ircalo d Hafni

Much of the C-14 in activated metal generated at NRF is in activated zircaloy and hafnium. These
metals are extremely corrosion resistant and will not contribute significantly to the C-14 source term
during the period while stainless steel and inconel are corroding. The RWMC compesite analysis
should either exclude zircaloy and hafnium from the caicutation or use a much lower corrosion rate.
The Savannah River Site performance assessment uses a corrosion rate of 2E-6 inchfyr for zircaloy
{reference (g)).

in arder to be able to take into account the radioactivity in highly corrosion resistant activaled metals,
the following information is provided. (Seme of the following numbers may not match the overall totals

in the cover tetter due to the effects of rounding.)
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Radioactivity by Material Type from 1955 to 1983

Nuclide Zircaloy Hafnium Stainless
Or Incone!
C-14 2.4E+1 2.5E+0 i 3.3+
1-128 3.6E-6 5.9E-5 7.6E-8
Tc-99 2.0E-3 1.9g-2 1.8E-2
Ni-59 1.3E+1 2.9E-2 1.2E+3
Ni-63 1.7E+3 4.9E+) : 1.2E+5
K-40 3.8E-6 3.6E-B 1.3E-7
Nb-94 1.3E-1 1.0E+0 8.1E+1
Radicactivity by Material Type from 1984 to 10/1/97
Nuclide Zircaloy Hafnium Stainless
- Or inconel
c14 6.1E+0 1.5E40 2.8E+1
-129 8.1E-7 3.3E-5 1.0E-7
Te-99 4 4E-4 1.0E-2 3.6E-3
Ni-59 5.8E-1 1.0E-2 1.7E+3
Ni-63 7.6E+1 9.4E-2 2.2E+5
K-40 6.96-7 1.2E-8 9. 1E-8
Nb-94 2.4E-2 3761 3.3E+0
ivity by Material from 10/1/87 to
Nuclide Zircaloy Hafnium’ Stainless
Or Inconel
C-14 7.6E+1 0.0 4 3EH1
-129 4.8E-8 0.0 4 1E-7
Tc-99 5.7E-3 0.0 1.4E-2
Ni-59 6.2E+0 0.0 8.3E+3
Ni-83 8.1E+2 0.0 1.0E+6
K-40 7.8E-6 0.0 5.3E-7
Nb-54 2.0E-1 0.0 2.2E+1

*Current practice is to retain control rods with the fuel modules. As a result, no future disposal of
irradiated hafnium is planned.

3. Digtribution Cosfficients

The distribution coefficient of C-14 in the RWMC performance assessment is conservatively assumed
to be zero, which means that the C-14 is assumed fo move through the ground with the velocity of
infiltrating water. The RWMC performance assessment includes some discussion of site specific
research indicating that a distribution coefficient from 4 to 7 mL/g might be appropriate for RWMC. A
- distribution coefficient of 5 mL/g would reduce the C-14 dose by an order of magnitude.
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4. Volume 1o Surface Area Ratio

In a discussion with NR-IBO (Kuprenas) on October 27, 1897, LMITCO (Logan) requested information
on the average thickness of Naval activated metal components. The thickness of an activated metal
component determines the period of time over which the radioactivity in that component can be
released by corrosion. The RWMC performance assassment used a volume to surface area ratio
(equivalent to half of the thickness) of 0.72 inch. The Naval activated metal components sent to
RWMC in the past and projected in the future have a range of thicknesses. Some are thicker and
some are thinner than assumed in the performance assessment. While a calcufation of the curie-
weighted average thickness has not been performed, most of the components are thinner than
assumed in the performance assessment. The 0.72 inch volume-to-surface area ratio appears to be
roughly 15 percent higher than the Naval component average. This is a minor nanconservative facior

in the overall performance assessment methodology.

5. Qverall Conservative Result

Due to the very conservalive corrosion rate and distribution coefficient assumptions, the activated
metal C-14 inventory fimit caiculated in the RWMC performance assessment is much lower than those
calculated in the Savannah River and Hanford performance assessments. The Savannah River
performance assessment has an activated metal C-14 iimit of 180,000 curies for Naval Reactors
components alone (reference (e)). The Hanford performance assessment has a limit of 3040 curies for

C-14 in activated waste (reference (f)).

NUREG/CR-4370, Vol. 1, dated January 1986, "Update of Part 61 impacts Anaiysis

Methodology”

(b) NBSIR 81-2228, dated February 1881, “The Corrosion Behavior of Selected
Stainless Steels in Soil Environments®

(c) NBS Circular 579, dated April 1957, "Undarground Corrosion”

{(d) TR-2001-SHR, dated December 1993, "Corrosion Behavior of HY-80 Steel, Type 304
Stainless Steel, and Inconel Alloy 600 at 218E-12B Burial Ground, Hanford, WA"

{8) Savannah River Site Radiological Performance Assessment for the E-Area Vaults
Disposal Facility (WSRC-RP-94-218), Revision to Appendix L Naval Reactor Waste
Disposal, June 27, 1996

{f) Hanford Performance Assessment for the Disposal of Low-Level Waste in the 200
West Area Burial Grounds (WHC-EP-0645); November 1894 (Draft)

References: (a)

223
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RECORD NOTE:

Subj: ADDITIONAL INFORMATION ON PAST AND PROJECTED FUTURE

RADIOISOTOPE INVENTORY FROM THE NAVAL REACTORE FACILITY
g AND COMMENTS ON THE ABSUMPTIONS USED IN THE RADIOACTIVE
a WASTE MANAGEMENT COMPLEX PERFORMANCE ABSESEMENT

1. Brief: This letter, to be signed by Bradley (IBO), proviges
additional information that DOE-ID needs for its contracters to
complete an environmental evaluation and derive radionuclide-
specific inventory limits for the burial ground at the INEEL
Radioactive Waste Management Complex (RWMC).

2. Summary: In September 1987, DOE-ID expressed concerns about
the inventory of carbon-14 in past waste shipments., Bettis
(Detrick and Connors) led a Bettis/KAPL task force which
evaluated past and future waste shipment curie contents. Data on
past shipments was provided to DOE-TID in October 1897, and NRF
waste shipments were allowed to continue within the 2 curie/yr
C-14 limit that had been in place since early 1997. This letter
adds the future projecticns out to 2020 and provides information
on how the burial ground environmental analysis can be made less
conservative and more realistic. Since past NRF C-14 waste
shipments have averaged about 8 curies of C-14 per year, higher
C-14 limits are needed. This draft letter is based on work by
the Detrick/Connors task force and a review by Steele {Mangeno)
and Kuprenas (IBO}. Detrick (Bettis) has reviewed a draft of
this letter and concurs with it.

STEELE (MANGENQ) :steele 2/18/98 X28713
I

-
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14. NR:IBO-97/193—ADDITIONAL INFORMATION ON ISOTOPES
SHIPPED FROM THE NAVAL REACTORS FACILITY TO THE
RADIOACTIVE WASTE MANAGEMENT COMPLEX
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Department of Energy

Pittsburgh Naval Reactors Office

Idaho Branch Qffice . g
P.O. Box 2469 NR:IBC-97/183

Idaho Falis, Idaho 83403-2469

October 21, 1997

J. T. Case, Manager
Waste Management Programs
Idaho Operations Office, USDOE

SUBJECT: ADDITIONAL INFORMATION ON ISOTOPES SHIPPED FROM THE NAVAL
REACTORS FACILITY TO THE RADIOACTIVE WASTE MANAGEMENT
COMPLEX -

Reference: (a} J.T. Case letter io T. M. Bradley, OPE-RWMC 96-068 dated
December 6, 1596

.- {(b) NRABO letter NR:IBO-87/175 dated October 6, 1997
In reference (a), DOE-ID requested historical information on the radionuclide content of waste
sent from the Naval Reactors Facility for burial at the Radioactive Waste Management Complex.
This information is needed now to perform a composite analysis of the dose to the public from
‘past and future operations of the burial ground. Until the 1980s, detailed information on isotope
content was not required by RWMC as a condition for disposal, and therefore only coball-60 was
reported for much of this period. To perform the composite analysis, additional information is
needed. In reference (b), NR-IBO provided information on the carbon-14 content of activated
metal waste sent from NRF, and committed to provide information on additional isctopes. This
letter provides the additional information. The curies of specific requested isotopes are as
follows: '

Nuclide To RWMC 5-1997 To RWMC 1984-1997
C-14 in other than * 6.5E+0
activated metal

|-129 4.0E-5 2.9E-5

Tc-99 3.1E-2 1.0E-2

Ni-59 2.7E+3 1.7E+3

Ni-63 " 3.5E+5 2.2E+5

K-40 3.0E-5 2.2E-5

Nb-94 1.3E+1 4. 1E+Q

* The C-14 in other than activaled metai prior to 1984 is still being researched.

For the trace radionuclides other than C-14, the above information should be considered as
sonservative upper bound estimates. For some activated metals, actual measurements of the
concentration of some precursor elements were not available. In such cases, conservatively
high precursor concentrations were used. Actual precursor element concentrations are being
measured for various samples, and the above reported quantities may be revised downward.
However, for the trace radionuclides other than C-14, the above totals are at least a factor of 100
below the total inventory limits identified in the RWMC Performance Assessment.
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NR:IBO-97/193
J. T. Case, DOE-ID -2- October 21, 1897

In reference (b), IBO stated that detailed comments and information on some of the conservative
assumptions in the Performance Assessment would be provided by October 17, 1897, Our
review is still underway, and | expect to provide this information to you by October 31, 1997.

If there are any questions, please contact me at 533-5317 or Mike Kuprenas at 533-5066.

J. Mangeno, NR-08R

A. Guida, NR-08U

H. Schmitt, NR-08B
I. Curtis, NR-08S

M. Wileynski, DOE-ID

cc

s
R.
C.
D.
J.
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15. NR:IBO-97/175—INFORMATION ON THE CARBON-14 CONTENT
OF PAST ACTIVATED METAL SHIPMENTS FROM THE
NAVAL REACTORS FACILITY TO THE RADIOACTIVE
WASTE MANAGEMENT COMPLEX
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Department of Energy

Pittsburgh Naval Reactors Office
Idaho Branch Office .
O mos 2489 NR:IBO-67/175
idaho Falls, ldaho 83403-2469

Qctober 8, 1997

J. T. Case, Manager
Waste Management Programs
Idahe Operations Office, USDOE

SUBJECT: INFORMATION ON THE CARBON-14 CONTENT OF PAST ACTIVATED METAL
SHIPMENTS FROM THE NAVAL REACTORS FACILITY TO THE RADIOACTIVE

WASTE MANAGEMENT COMPLEX

Reference:  {a) J.T. Case letter to T. M. Bradley, OPE-RVWMC 96-068 dated

December 6, 1996
C o (b} NR/BO letter NR:1IBO-87/134 dated August 20, 1897

In 1994 DOE began preparing a Performance Assessment (PA) for the INEEL Radioactive
Waste Management Complex (RWMC). The PA was to analyze the expected dose to the pubiic
from RWMC operations from 1984 until the assumed closure of the burial ground in 2020. An
additional assessment, the Composite Analysis (CA), is under preparation to assess the dose fo
the public from past and future operations of the burial ground at RWMC, along with any
associated effects from other INEEL facilities. The PA was completed and approved by DOE-HQ
in 1996. The PA supported a threshold of 180 curies of Carbon-14 as the maximum allowed to
be dispesed of from 1984 until closure. To ensure mesting this limit, the Radicactive Waste
Acceptance Criteria for RWMC was changed to allow a maximum of two curies per year of
Carbon-14 in activated metal to be disposed of each year. The PA has some very conservative
assumptions such as assuming corrosion rates for all disposed materials are the same as the
worst carrosion rate (i.e., laking insufficient credit for the extended longevity of zircaloy and nicket
based alloys). A more precise analysis is being done in the CA.

in reference (a) DOE-Idaho requested historical information on the radionuclide content of waste
sent from the Naval Reactors Facility (NRF) for burial at RWMC. This information is needed now
to perform the CA, and to confirm the information on post-1984 disposals assumed in the PA.
Until the 1990s, detailed radionuclide information was not required by RWMC as a condition for
disposal, and only cobait-60 was reported for much of this period. Thus, Naval Reactors
originally provided the requested information in reference (b) as a table relating the year-by-year
ratios of the requested isotopes (e.g., C-14, Tc-99, 1129, etc.) to the curies of Cobalt-80, Due
to a misunderstanding by NRF about how this data was going to be applied, an incorrect value of
approximately 7000 curies of C-14 was calculated by RWMC. This value was significantly higher
than the 180 curies determined to be the threshold in the PA that provides the authorization basis
for the RWMC. Shorlly after being informed of this misunderstanding, B8O informed RWMC that
the total C-14 radioactivity in activated metal had been calculated to be less than 200 curigs.
However, IBO indicated that mare precise radionuclide information would be provided at a later

date.

Naval Reaciors has recalculated the amount of C-14 in activated metal shipments. Additional
efforts were made to ensure greater precision in the caiculation. Some of the changes included
using actual measurements of the concentration of nitrogen in the materials (nitrogen is the
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NR:IBO-97/175
J. T. Case, DOE-ID -2- October 8, 1997

precursor to C-14) and better estimates of actual end of life core fluences. These calculations
show that from 1955 until 1997, NRF shipped approximately 98 curies of C-14 in activated metal
to RWMC. Of these 98 curies, approximately 34 curies were in extremely corrosion resistant
zircaloy and hafnium and approximately 64 curies were in very comosion resistant inconels and
stainless steels. Approximately 37 curies were shipped from January 1984 until today. Of these
37 curies, approximately B curies were in extremely corrosion resistant zircaloy and hafnium and
approximately 29 curies were in very comrosion resistant inconels and stainless sleels. Additional
information on historic shipment of other isotopes of concern will be provided by October 17,
1997, information on the C-14 content in material other than activated metal will be provided by
October 17, 1997, and information on future projections of the requested isotopes will be
provided by October 31, 1997. We aiso intend to provide detailed comments and information on
some of the conservative assumptions in the PA by October 17, 1897, and to participate in the

review of the CA.

If there any questions, please contact me at 533-5317 or Mike Kuprenas at 533-50686.

T. M. Bradley, Manager
Naval Reactors Idaho Branch Office

J. Mangeno, NR-0BR
A. Guida, NR-08U

H. Schmitt, NR-G8B

[. Curtis, NR-08S

M. Wilcynski, DOE-ID

cCl

J.
R.
C.
D.
J.
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